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Regulatory Regime Changes Under Federalism: Do States Matter More?

Wayne B. Gray' and Ronald J. Shadbegian®
Clark University, Worcester, MA; 2University of Massachusetts-Dartmouth, North Dartmouth, MA

Our overall project examines factors affecting environmental performance, both compliance status and
emissions for air, water, and toxic pollutants, as measured with plant-level data for paper mills, oil refineries,
steel mills, and electric utilities. We combine data on traditional regulatory activity (inspections and other
enforcement actions) with information on community pressures and political pressures faced by the plant at
both the state and local levels. We also examine spatial aspects of regulation, by looking at the impact of
enforcement activity directed toward one manufacturing plant on the environmental performance of other
plants nearby, and the spatial distribution of the health benefits from sulfur allowance trading.

This research project examines the impact of the U.S. Environmental Protection Agency’s (EPA) Cluster
Rule on the paper industry, using data from 1996-2005 for 150 pulp and paper mills. This was a pathbreaking
rule for EPA in its multimedia approach, as it sought reductions in both air- and water-toxic releases from
affected plants, and also anticipated reductions in conventional pollutants. We use two approaches when
looking to measure the impact of the Cluster Rule. We know the date when the rule became effective for the
plant, so we test for changes in toxic releases around the effective date. The Cluster Rule also imposes
different requirements for different plants, depending on their production technology, and we test for bigger
changes occurring at plants that faced more stringent requirements. Our analysis also includes controls for
other plant and firm characteristics. Besides testing for an impact of the Cluster Rule on air- and water-toxic
releases, we examine conventional air and water pollutants to see if they exhibit reductions at about the same
time. Finally, the paper also examines the possibility that location matters, testing whether differences across
states in regulatory stringency before the adoption of the Cluster Rule affect either the level of toxic releases or
reductions in those releases around the rule change.

Our analyses yield mixed results in terms of reductions in air and water toxics, the goal of the Cluster
Rule. We observed significant reductions in releases of air toxics and total toxics around the rule’s effective
date, but not water toxics. In addition, those reductions do not seem to be larger at the plants expected to face
greater stringency under the Cluster Rule. There also is little evidence of dramatic reductions in conventional
air and water pollutants. However, we do find significant evidence for the importance of plant location, driven
by state-level differences in regulatory stringency as measured by Congressional pro-environment voting in the
state. Plants located in states with greater stringency had significantly lower toxic releases before the rule took
effect, but a smaller reduction in toxic releases, which suggests that some of the reductions required by the
Cluster Rule had already been accomplished in those high-stringency states. This emphasizes the importance
of considering the “federal” structure of U.S. regulatory policy, with differences in stringency across states
having implications for the impact of changes in regulatory policy at the national level.

The Office of Research and Development’s National Center for Environmental Research 1
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of Environmental Information Disclosure

The Persistence of Economic Factors in Shaping Regulation and Environmental
Performance: The Limits of Regulation and Social License Pressures

Dorothy Thornton®, Robert A. Kagan®, and Neil Gunningham?
1University of California, Berkeley, CA; Australian National University,
Canberra, Australian Capital Territory, Australia

Many students of regulation, ourselves among them, have questioned models of regulation and business
behavior that emphasize economic motives alone, and find instead that social pressures and social norms
(relating to environmentalism and law-abidingness) play an important role in inducing businesses to comply
with regulations and to go beyond compliance. This research project explores the limits of such “social
license” pressures. Whereas our previous research focused on highly visible, closely regulated industries and
on larger corporations, this project explores the limits of “social license” pressures by examining regulation of
dangerous particulate and NOy emissions from smaller heavy-duty diesel trucking companies that operate in
highly competitive, minimally profitable markets and find it extremely difficult to afford or pass on the cost of
best-available emission control technologies. We find that economic variables—most prominently the high
cost of new, low-polluting vehicles—have: (1) limited the coerciveness of direct regulation of vehicle owners
and operators (who have not been compelled or induced to retire older, higher polluting trucks); (2) dwarfed
the reach and effectiveness of the governmental programs that subsidize the purchase of new vehicles; and (3)
elevated the importance of each company’s “economic license”—as opposed to its “social license”—in
shaping its environmental performance.

Company-level variation in environmental performance was assessed via in-depth field interviews of 16
small- and medium-sized trucking firms, 8 in Texas, and 8 in California. Social license pressures played
virtually no role in shaping the firms’ choices that affect emissions (e.g., average age of fleet, maintenance
practices, controls on operating speeds and idling). We find that intercompany variation on those dimensions
are shaped primarily by: (1) the firm’s particular market niche—the kinds of goods being hauled, and how far
they are being hauled; and (2) the firms’ financial state.

2 The Office of Research and Development’s National Center for Environmental Research
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Environmental Behavior and Decision-Making: Corporate Environmental Behavior and Benefits
of Environmental Information Disclosure

Oregon Business Decisions for Environmental Management

David E. Ervin', Patricia Koss', Madhu Khanna?, and JunJie Wu®
Portland State University, Portland, OR; 2University of lllinois, Urbana-Champaign, IL;
3Oregon State University, Corvallis, OR

We surveyed 1964 Oregon facilities in 2004-2005 regarding their business environmental management
(BEM) actions, environmental performance levels, and other characteristics. The sample included construction,
electronics, food and wood products manufacturing, transport, and accommodations—QOregon’s major
industrial sectors. The mail survey queried facilities about their motivations and barriers for environmental
management, environmental policies, practices, performance data, and general characteristics. A response rate
of 35 percent was achieved. Tests reveal that self-selection bias is not present.

Three analyses were conducted. In the first, we analyzed the motivations for facilities to participate in
voluntary environmental programs (VEPs), and to adopt environmental management practices (EMPs). We
used observed facility characteristics to proxy for the effects of external factors such as regulatory, consumer,
and investor pressures, and internal factors such as technical and resource capacity on voluntary environmental
behavior. Second, we examined the incentives that affect the intensity with which facilities implement EMPs
and pollution prevention (P2) practices. This analysis tested the roles of internal drivers, including managerial
attitudes toward the environment; external factors, such as regulation; perceived subjective pressures, such as
investors; and objective factors captured by facility characteristics, such as ownership status. Third, we tested a
new model of facility environmental management in which decisions on EMPs, P2 practices, and
environmental performance (EP) are interlinked. This model hypothesizes that facility managers maximize
their utility by considering the effects of BEM actions on profit and the values that they receive from
environmental stewardship.

The results of all three approaches are generally consistent in showing the importance of regulatory
pressures as well as managerial attitudes and perceptions that environmental issues are a significant concern in
motivating participation in VEPs, adoption of EMPs, and use of P2 practices. We also found that larger
facilities are more likely to participate in more VEPs, but are likely to adopt more EMPs only if they perceived
environmental issues to be of significant concern. Facilities with this perception also were more likely to be
influenced by competitive pressures to adopt more EMPs and P2 practices. Consumer and interest group
pressures are found to play insignificant or weakly significant roles in voluntary environmental decisions. For
the interlinked model, investor pressure also was found to positively influence EMP adoption. EMP intensity
significantly increases P2 actions; however, EMP or P2 actions do not show significant effect on EP. EP,
measured as the change in emissions and wastes in 2004, was positively influenced by 2003 BEM
expenditures, parent company ownership, and mid-sized operations, but negatively affected by 2004 BEM
expenditures and environmental penalties.

We conclude that environmental regulations are a complement to voluntary BEM, not a substitute. The
findings also demonstrate the powerful role of management attitudes toward the environment in BEM
decisions. These two factors, along with selected market forces and facility characteristics, significantly and
differentially affect VEP, EMP, or P2 decisions. The findings suggest that effective policies must identify the
most influential factors for the policy target, VEP participation, EMP adoption or EP, and the synergistic
relationships between BEM decisions.

Future work will refine the interlinked model, improve measures of environmental performance, and
explore the factors that shape management values toward the environment.

The Office of Research and Development’s National Center for Environmental Research 3
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Environmental Behavior and Decision-Making: Corporate Environmental Behavior and Benefits
of Environmental Information Disclosure

Pollution Prevention Practices: Determinants of Adoption and Effectiveness
in Reducing Toxic Releases

Madhu Khanna', George Deltas', Satish Joshi?, and Donna Harrington®
University of Illinois, Urbana-Champaign, IL; “Michigan State University, East Lansing, MI;
University of Vermont, Burlington, VT

Many firms are undertaking environmentally friendly organizational change by applying the philosophy of
Total Quality Environment Management (TQEM) with its emphasis on reducing waste and increasing
efficiency. They also are voluntarily adopting technologies to prevent pollution at the source. The purpose of
this research project is to examine whether and to what extent the adoption of TQEM is fostering pollution
prevention (P2) activities and how the effect of TQEM differs across different types of innovations. We also
examined the implications of P2 activities for the toxic release performance of firms.

These issues were investigated using a detailed panel dataset on P2 practices adopted by a sample of S&P
500 firms that report to the Toxics Release Inventory. We used two different approaches to examine the effect
of TQEM on P2 practices adopted by firms. Under the first approach, we used a treatment effects model to
examine the effects of TQEM, while controlling for a variety of other regulatory and market pressures that
might be driving the adoption of such practices. Under the second approach, we classified the effects of TQEM
based on five attributes regarding whether they involve: (1) a physical change in equipment; (2) a change in
materials used; (3) a change in operating procedures; and whether they are (4) visible to consumers; and (5)
enhance efficiency. We used fixed effects models to examine how the count of P2 activities are affected by
TQEM adoption, and we took into account the differences in the nature of pollution prevention activities and
that their response to TQEM adoption may vary, depending on their attributes. In examining the effect of P2
activities on toxic releases, we used panel data at the facility level to examine the effects of current and lagged
P2 activities on toxic releases while controlling for inertia in the extent to which firms can improve
environmental performance.

We found that TQEM leads firms to adopt P2 techniques even after we control for the effects of various
types of regulatory pressures and firm-specific characteristics. Moreover, we found that the presence of
“complementary assets,” in the form of technical capability of the firm, is important for creating an internal
capacity to undertake P2 adoption. However, we discovered that the effect of TQEM on P2 is nonuniform and
provides stronger support for the adoption of practices that involve procedural changes or have
unclassified/customized attributes. Visibility to consumers or efficiency enhancement does not incrementally
contribute to the effect of TQEM on P2 adoption. Because the P2 activities most strongly affected by TQEM
are generally more prevalent in the petroleum refining and chemical manufacturing sectors, our simulations
showed that these sectors experience the largest impact from the adoption of TQEM on the rate of P2
innovation. Our analysis indicated that firms do experience diminishing returns to P2. Finally, we found that
the effect of P2 on toxic release is rather weak and transitory. P2 activities adopted a year ago have a
significant negative impact on current toxic releases, but P2 adoption in earlier years has a weakly positive or
insignificant impact on current toxic releases. These findings suggest that although there exist some “low
hanging fruit” for P2, the extent of voluntary adoption of P2 practices and their impact on toxic releases is
likely to diminish over time in the absence of any regulatory stimulus.

4 The Office of Research and Development’s National Center for Environmental Research
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Environmental Behavior and Decision-Making: Corporate Environmental Behavior and Benefits
of Environmental Information Disclosure

Institutions for Removing Information Asymmetries in the Market
for Corporate Environmental Performance

Ann Terlaak
University of Wisconsin, Madison, WI

The goal of this research project is to assess the conditions under which certification of environmental
management practices removes information asymmetries between firms and stakeholders by credibly signaling
about superior environmental performance. Issues that may limit the signaling ability of certification schemes
include firm strategic behaviors that dilute the standard’s value and design problems within management
standards that cause “unwanted” firms to select into certification.

This project involves both conceptual and empirical analyses, with the empirical analyses using
longitudinal datasets that contain information on certification with the 1ISO 14001 Environmental Management
Standard as well as facility toxic releases.

Conceptual analyses suggest that the two unique elements of certified environmental management
standards—codification and certification of practices—simultaneously enable and restrict the ability of
standards like 1ISO 14001 to signal about superior environmental performance and guide socially desired firm
behaviors. Although codification and certification are enabling because they allow a certified standard to shape
firm behaviors in settings where other soft-law institutions are ineffective, they also are limiting because they
induce a mix of both low- and high-performing firms to participate, thereby weakening decentralized
enforcement processes and reducing the standard’s signaling value.

Empirical analyses suggest that additional problems arise due to multi-plant firms engaging in strategic
adoption behaviors. The issue is that standards like ISO 14001 may be designed to not only signal about
existing performance levels but also improve on these levels. As a result of this improvement aspect,
stakeholders may especially pressure poor performing firms to seek certification of 1SO 14001, and adopting
the standard may become a means for firms to assuage stakeholder demands. However, because of difficulties
associated with fully internalizing the benefits of green firm practices, actual certification rewards are
uncertain. Multi-plant firms may respond to this uncertainty by minimizing adoption costs through certifying
their better performing plants, rather than their poorer performing ones. This selection is obviously not in the
interests of stakeholders who would like the lowest performers to adopt and certify best environmental
practices. The resulting situation may be described as multi-plant firms using 1SO 14001 to engage in
“satisficing adoption” that allows harvesting stakeholder approval with only minimal organizational changes.

To date, findings suggest that ISO 14001 has not been as effective as hoped for in that it neither is a
reliable signal of superior environmental performance nor an improvement tool that substantially improves the
performance of poor performing firms. Because these issues seem to be at least partially the consequence of
the standard’s design, solutions may require not only “patches” that ameliorate unwanted effects once they
occur, but also standard redesigns.

Future work will focus on validating some of these insights by performing comparative analyses with the
ISO 9000 quality management standard as well as broadening and triangulating measures of environment
performance by using permit compliance data.

The Office of Research and Development’s National Center for Environmental Research 5
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Environmental Behavior and Decision-Making: Corporate Environmental Behavior and Benefits
of Environmental Information Disclosure

Evaluating Voluntary Climate Programs in the United States

Richard Morgenstern, William A. Pizer, and Jhih-Shyang Shih
Resources for the Future, Washington, DC

Voluntary programs are playing an increasingly important role in environmental management. Despite
their growing importance, however, they have been subject to limited evaluation. As is well known, program
evaluation in the absence of randomized experiments is difficult because the decision to participate may not be
random and, in particular, may be correlated with the outcomes. The present research is designed to overcome
these problems by measuring the environmental effectiveness of two voluntary climate change programs—the
U.S. Environmental Protection Agency’s (EPA) Climate Wise Program, and U.S. Department of Energy’s
Voluntary Reporting of Greenhouse Gases Program, 1605(b)—with particular attention to the participation
decision and how various assumptions affect estimates of program effects. For both programs, the analysis
focuses on manufacturing firms and uses confidential U.S. Census data to create a comparison group as well as
measure outcomes (expenditures on fuel and electricity).

Overall, we found that the effects from Climate Wise and 1605(b) on fuel and electricity expenditures are
no more than 10 percent and likely less than 5 percent. There is virtually no evidence of a statistically
significant effect of either Climate Wise or 1605(b) on fuel costs. There is some statistically significant
evidence that participation in Climate Wise led to a slight (3-5%) increase in electricity costs that vanishes
after 2 years. There also is some statistically significant evidence that participation in 1605(b) led to a slight (4-
8%) decrease in electricity costs that persists for at least 3 years.

6 The Office of Research and Development’s National Center for Environmental Research
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Voluntary Agreements To Improve Environmental Quality:
Are Late Joiners the Free Riders?

Magali Delmas and Maria J. Montes-Sancho
University of California, Santa Barbara, CA

Within the context of environmental voluntary agreements (VAs), this research project analyzes how free
riding affects the effectiveness of collective corporate political strategies that aim at shaping government
policy. We demonstrate that substantive cooperative strategies are more likely to be pursued by firms that enter
a VA at its initiation, whereas free riding or symbolic cooperation is more likely to be adopted by late joiners.
We also demonstrate that late joiners and early joiners within VAs adopt different cooperative strategies
because they face different institutional pressures. We find that late joiners that cooperate only symbolically
may endanger the overall effectiveness of a VA. Our analysis is based on the strategies of firms participating in
the Climate Challenge Program established in 1995 by the U.S. Department of Energy and the representatives
of the national electric utilities to reduce greenhouse gas emissions.
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What Drives Participation in State Voluntary Cleanup Programs?

Evidence From Oregon
Allen Blackman®, Thomas Lyon?, and Kris Wernstedt®
'Resources for the Future, Washington, DC; University of Michigan, Ann Arbor, MI;
3Virginia Tech, Blacksburg, VA

Over a quarter of a century after the passage of federal Superfund legislation, hundreds of thousands of
properties contaminated with hazardous substances have yet to be remediated. To reduce this backlog, all but a
handful of states have created Voluntary Cleanup Programs (VCPs) that offer liability relief, subsidies, and
other incentives for responsible parties to voluntarily clean up contaminated properties. Today, thousands of
sites are participating in these programs. Nevertheless, we still know little about the factors that drive
enrollment, and information is needed to enhance the programs’ efficiency and effectiveness.

This research project examines the factors that influence the decisions of both private firms and public
organizations to participate in VCPs. The research has five components: (1) case studies of selected state
VCPs; (2) a game theoretic model of a private actor’s decision about whether to enroll in a VCP; (3) structured
interviews of VCP program officials in each state; (4) a survey of VCP participants; and (5) econometric
analyses of VCP participation in Oregon. We concentrated on the last component in this presentation.

Our econometric analysis focuses on Oregon because it has a program with sizable enrollment and is one
of a small number of states that maintains a database of known contaminated sites that are not participating in
its voluntary or mandatory cleanup programs. We employed a duration model that explicitly accounts for the
timing of regulatory activities. In contrast to previous econometric research on VCPs, our results suggest that
Oregon’s program does not mainly attract sites with little or no contamination seeking a regulatory “clean bill
of health.” Furthermore, regulatory pressure—in particular, Oregon’s practice of compiling a public list of sites
with confirmed contamination—has a statistically significant association with VCP participation. Together,
these findings imply that Oregon has been able to spur voluntary remediation by disclosing information on
contamination. Our results comport with key themes in the literature on voluntary environmental programs—
the threat of mandatory regulation spurs participation in such programs, and disclosure of environmental
performance information is an efficient policy tool for promoting abatement and remediation.

8 The Office of Research and Development’s National Center for Environmental Research
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of Environmental Information Disclosure

The Consequences of Self-Policing

Sarah L. Stafford
College of William and Mary, Williamsburg, VA

Over the last decade, both the U.S. Environmental Protection Agency (EPA) and the states have placed
increased emphasis on environmental auditing and self-policing as a means for achieving better environmental
compliance. In particular, EPA’s Audit Policy encourages facilities to self-police by offering significant
penalty reductions for facilities that meet certain conditions. EPA’s Web Site also notes that when facilities
self-police, it can render “formal EPA investigations and enforcement actions unnecessary.” This statement
implies that EPA’s Audit Policy may provide additional incentives in the form of reduced future enforcement.
The goal of this study is to determine what the future consequences of self-policing are to be able to better
understand how the Audit Policy or similar self-policing policies can affect facility compliance behavior. In
addition, the analysis provides insight into other factors that motivate self-policing. A more complete
understanding of the factors that drive facilities to self-police also will help to assess the effectiveness of the
current policy and potentially can be used to fine-tune the program to increase its effectiveness.

To inform the empirical analysis, a theoretical model of self-policing was constructed in a targeted
enforcement regime. The model suggests that facilities with a high probability of enforcement are more likely
to disclose than facilities with a low probability of enforcement, ceteris paribus. The model also implies that
disclosures in the recent past should decrease the probability of future inspections, and that the effect of
disclosures on future inspections should depend on the facility’s compliance history (i.e., whether or not they
are in a target group).

The empirical analysis includes approximately 631,000 regulated hazardous waste facilities in the United
States. The analysis examines the effect a disclosure in 2001 has on the probability that a facility is inspected
in 2002. The analysis also examines what factors drive facilities to disclose. The most important finding is that
facilities that self-disclose are rewarded with a significantly lower probability of inspection in the near future.
There also is some evidence that the reward for disclosure is smaller for facilities with relatively good
compliance records. This lends support to the concern that facilities could use the disclosure of minor
violations strategically to discourage future inspections. The analysis also shows that facilities that have not
been inspected over the past 5 years are less likely to disclose, whereas facilities that are inspected frequently
are more likely to disclose, in part because they have more to gain from decreasing future enforcement efforts.
Large- and small-quantity generators are more likely to disclose, as are facilities that are regulated under more
than one media program. However, hazardous waste treatment, storage, and disposal facilities are less likely to
disclose. Finally, facilities in states with environmental audit immunity or self-policing policies are more likely
to disclose as such policies provide additional incentives for disclosure. Although the results of the analysis are
obviously most relevant for EPA’s Audit Policy, they also will provide important lessons on the use of self-
policing as a regulatory tool in other policy arenas.

The Office of Research and Development’s National Center for Environmental Research 9
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Green Production Through Competitive Testing

Erica L. Plambeck’ and Terry A. Taylor?
!Stanford University, Palo Alto, CA; *University of California, Berkeley, CA

Electronics waste is damaging to the environment and human health, especially in developing countries.
New regulations in the European Union, California, and China prohibit the sale of electronics containing
certain hazardous substances. However, because testing for these substances is expensive and destructive of
the product, regulators cannot test all or even a significant fraction of the electronics sold.

To the extent that regulators block the sale of products that they discover are noncompliant, electronics
manufacturers have an incentive to test competitors’ products and reveal violations to the regulator. A
manufacturer benefits by blocking its competitor(s) from the market, because this makes the manufacturer’s
products more attractive to consumers, allowing the manufacturer to command a higher price in the end-
market.

We found that in many cases, regulators need not test products directly, but instead can rely on electronics
manufacturers to do all the testing. There are several reasons why relying on competitive testing can be
attractive. First, manufacturers may have a better understanding than the regulator of how violations occur, and
hence may be able to uncover violations with less testing expense than the regulator. Second, firms may have a
better understanding of the cost of compliance. Consequently, the less well-informed regulator may devote a
level of testing investment that may be too high or too low relative to what is socially optimal. In contrast,
under competitive testing, testing and compliance expenditures will reflect what the firms understand to be the
true costs of compliance, which may improve social welfare.

Relying on competitive testing is most effective in markets dominated by a few firms (e.g., video-gaming
consoles) because these firms have the strongest incentives to test their competitors. Conversely, it is least
effective in highly competitive markets (e.g., commaodity-type consumer electronics) composed of many small
firms.

The preceding discussion applies when the structure of the industry (i.e., the number of firms and their
capacities) is fixed. The impact of competitive testing is more nuanced when long-run decisions such as entry
are taken into account. Reliance on competitive testing causes entry and expanded production by
manufacturers with low quality, weak brands and, consequently, low compliance. Thus, in industries where the
barrier to entry for low-end firms is low, regulators should be cautious about relying on competitive testing.

The phenomenon of competitive testing has the potential to play out in any competitive market governed
by product-based environmental, health, or safety standards, and our insights apply more broadly to these
settings.

10 The Office of Research and Development’s National Center for Environmental Research
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Disclosure as a Regulatory Instrument for the Environment:
A Study of the Toxic Release Inventory in the Printed Circuit Board Industry

Linda T.M. Bui' and Jennifer Helgeson?
'Brandeis University, Boston, MA; 2University of Oxford, Oxford, England

The objective of this research is to develop evidence of the impact on toxic releases of public disclosure of
polluting behavior through the Toxic Release Inventory (TRI). We focused our attention on the printed circuit
board (PCB) industry. PCB production is one of the largest contributors to pollution in the microelectronic
industry, an industry that is rapidly changing in both market structure and technology. One interesting aspect
of the industry is that the changes in market structure that have occurred—decreasing concentration and an
increasing number of foreign producers competing on cost—would tend to make it less likely for the informal
regulatory approach of the TRI to be successful. Yet reported toxic releases in the PCB industry have fallen by
more than 96 percent between 1988 and 2003. Why? There are a number of factors that contribute to the
explanation for the reduction in releases. In part, plant exit by the dirtiest plants over time has helped reduce
the overall level of releases by the industry. However, this is not the only explanation. We found that non-
attainment status for the criteria air pollutants also has an important effect. In particular, plants located in non-
attainment counties have significantly lower TRI releases, which suggests that regulations for the criteria for
air pollutants may have beneficial effects on toxic releases as well. We estimate that in the absence of non-
attainment regulations, current TRI levels could be between 125 and 245 percent higher than they are
currently. Formal regulations for hazardous air pollutants and pollutants falling under the Clean Water Act also
appear to have had beneficial effects on TRI releases. However, we also find that facilities located in
attainment counties eventually “catch up” with their non-attainment counterparts. Over time, the dirtier
facilities located in attainment counties reduce their toxic releases until they are as clean as the facilities
located in non-attainment counties. We interpret this as evidence that TRI reporting does have an effect on
firm response. Furthermore, we found that state-level TRI programs that have target reduction goals for toxic
releases induce significant reductions in TRI releases even without having noncompliance penalties. In the
case of states that only have outreach programs to help TRI polluters learn about pollution prevention
programs (e.g., for air releases), these programs also have a beneficial effect on release levels. These latter
results are important as they provide policymakers with ways in which they can enhance the likelihood of a
successful mandatory disclosure program for pollution abatement. First, by providing a credible threat of more
formal regulation, firms respond by “voluntarily” cleaning up. Second, by disseminating information on
pollution prevention and abatement, we also may see additional reductions in releases.

The Office of Research and Development’s National Center for Environmental Research 11
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Environmental Behavior and Decision-Making: Corporate Environmental Behavior and Benefits
of Environmental Information Disclosure

The Effectiveness of Information Disclosure: An Examination of the TRI

Madeleine Baker, Lori Snyder Bennear, and Michael Lenox
Duke University, Durham, NC

Controlling toxic chemicals is one of the most challenging tasks faced by environmental regulators due to
the range of industries, number of chemicals, and variation in toxicity and exposure. These factors can make
traditional approaches to regulation such as technology standards, performance standards, and market-based
instruments (e.g., tradable permit systems) less attractive for toxic chemicals than for other pollutants.
Information disclosure programs, such as the Toxics Release Inventory (TRI), are potentially innovative
alternative regulatory instruments. To be considered a viable regulatory tool (as opposed to a general policy
tool), the information disclosure program must result in improvements in environmental performance. In the
case of the TRI, this means decreases in toxic chemical releases, toxicity of releases, and other similar
measures. This research project seeks to determine the degree to which information disclosure itself results in
improvements in environmental performance.

Analysis of the effect of the TRI in reducing releases of toxic chemicals has been hindered by the absence
of a clear control group that can identify what would have happened to toxic releases in the absence of TRI
reporting requirements. In typical analyses of regulatory efficacy, average outcomes for facilities that are
subject to the regulation are compared with average outcomes for facilities that are not subject to the
regulations. With the TRI, the difficulty lies in isolating a control group because the researcher only observes
data on toxic releases for facilities that are subject to the regulatory reporting requirements, and only in years
in which reporting has been in effect. Are observed decreases in toxic releases due to the disclosure
requirements or due to other factors such as general changes in the industry or overall economy?

This research project tries to isolate the effect of information disclosure. We used changes in the TRI
reporting requirements to help isolate the causal effect of disclosure from other potential explanations of
changes in environmental performance. The TRI program has undergone several different changes in reporting
requirements including: (1) requiring additional categories of facilities to report; (2) requiring reports for
additional chemicals; and (3) lowering reporting thresholds for particular chemicals. In all three cases, one can
think of “treatment” as being newly subject to the TRI requirements (e.g., a facility required to report for the
first time or a facility reporting on a chemical for the first time). The “control” group then represents facilities
that have reported previously.

At this workshop, we will present preliminary results from analyses of adding new chemicals and lowering
reporting thresholds. We found no evidence that facilities newly reporting for a chemical have greater
proportional decreases in total releases. Future work will examine whether these firms have different
proportional decreases in onsite releases, have different proportional decreases in releases weighted by
toxicity, or engage in more source reduction activities.

12 The Office of Research and Development’s National Center for Environmental Research
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Environmental Behavior and Decision-Making: Corporate Environmental Behavior and Benefits
of Environmental Information Disclosure

Regulation With Competing Objectives, Self-Reporting, and Imperfect Monitoring

Mary F. Evans, Scott M. Gilpatric, and Lirong Liu
University of Tennessee, Knoxville, TN

Our project entails a broad study of incentives for compliance with environmental information disclosure
programs (e.g., the Toxic Release Inventory [TRI]), as well as consequent incentives to emit pollutants. We
plan to address the optimal design of such programs with a focus on the incentives generated by alternative
enforcement regimes.

Regulatory agencies, including the U.S. Environmental Protection Agency (EPA), commonly cite two
categories of benefits associated with information disclosure programs. The first, an indirect benefit, arises
from the internalization of the social costs of emissions (and consequent reductions in emissions) due to
market responses to disclosures or regulatory instruments such as taxes on disclosed emissions. The second, a
direct benefit, results from the disclosure of previously private information. Referring to information disclosure
programs in a recent report that describes the U.S. experience with various environmental policies, EPA states,
“The environmental information embodied in these approaches has economic value...even in the absence of
any changes in emissions by firms.” Timely information about emissions may enable potential damages to be
avoided or mitigated both by affected parties and public agencies. For example, disclosure may reduce
consumption of contaminated water by alerting individuals of the need for avoidance or proper treatment.
Disclosure also may decrease the environmental impacts of a toxic release by accelerating cleanup efforts.

Our initial theoretical work models a firm’s choice of emissions level and of disclosure (i.e., what share of
actual emissions to report) as a function of a particular regulatory enforcement context. Firms are assessed a
per-unit tax on disclosed emissions and a per-unit penalty on any undisclosed emissions that are subsequently
detected by an audit. The audit is imperfect in that it reveals a percentage of actual emissions. After solving for
optimal firm behavior as a function of the model’s parameters, we examined the optimal choice of tax and
audit probability by a regulator (taking other parameters as exogenously determined). When auditing firm
behavior is costly, a policymaker must account for three factors when designing regulatory policy: (1) the
benefit of reduced emissions arising from internalizing social costs; (2) the direct social benefit of disclosure of
emissions that do occur; and (3) enforcement costs. Because disclosure of emissions is directly beneficial but
actual emissions are imperfectly observable, policymakers face a trade-off between inducing truthful self-
reporting and deterring emissions. Internalizing the social costs of emissions, such as through a tax, will deter
emissions, but it also may reduce incentives for firms to truthfully disclose their emissions.

The next step in this research project involves incorporating the possibility of financial insolvency into the
above model of firm compliance. Such a model will allow us to explore the potential for developing an
endogenous audit process that depends on a firm’s financial status. We will test the behavioral hypotheses
from this model using experimental methods and secondary data analysis.

The Office of Research and Development’s National Center for Environmental Research 13
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Environmental Behavior and Decision-Making: Corporate Environmental Behavior and Benefits
of Environmental Information Disclosure

Competing Environmental Labels

Carolyn Fischer' and Thomas P. Lyon?
'Resources for the Future, Washington, DC; University of Michigan, Ann Arbor, Ml

We study markets in which consumers prefer environmentally friendly products but cannot determine the
environmental quality of any given firm’s product on their own. A nongovernmental organization (NGO) can
establish a voluntary standard and label the products of firms whose products comply with the standard.
Alternatively, industry can create its own standard and label. We compare the stringency of these two labels
and analyze how they interact when both voluntary programs are available.

14 The Office of Research and Development’s National Center for Environmental Research
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Environmental Behavior and Decision-Making: Corporate Environmental Behavior and Benefits
of Environmental Information Disclosure

Consumer Labeling and Motivation Crowding-Out

Christopher D. Clark, ! Kimberly L. Jensen,* Steven Yen," Clifford S. Russell,? and Michael Hanemann®
University of Tennessee, Knoxville, TN; ?vVanderbilt University, Nashville, TN;
3University of California, Berkeley, CA

The primary objective of this research project is to explore consumer reactions to environmental product
labels on market goods. This exploration will focus on two particular aspects of these reactions. First,
consumer willingness to pay for the reduction of greenhouse gas emissions associated with the production of
energy through the choice of either energy-saving products or the use of green energy and production
processes will be estimated. Second, the effect that a product label based on an environmental attribute with
both public and private benefits (e.g., emissions reductions and cost savings associated with more energy-
efficient appliances) has on consumers will be contrasted with that of a label based on an attribute with purely
public benefits (e.g., reduced emissions associated with a more energy-efficient production process and the use
of renewable energy in such production). Research suggests that the inclusion of relatively small extrinsic
rewards (such as cost savings from an energy-efficient appliance) can actually decrease the effect of existing
intrinsic rewards (such as the internal motivation for consuming an environmentally friendly product). This
effect, commonly referred to as motivation crowding-out, has important implications for the selection, design,
and marketing of environmental attributes or labels.

The exploration of consumer responses will involve the use of conjoint analysis (contingent choice)
surveys in which subsamples of respondents reveal their preferences in a series of comparisons between
varieties of an energy-using home appliance. The appliance varieties will be distinguished by different levels
of privately relevant attributes, including price, and also by whether or not they have obtained an
environmental “seal-of-approval” label. The benefits associated with the label will vary across subsamples. In
two subsamples, both private and public benefits (e.g., energy cost savings and emissions reductions) will be
associated with the label, whereas only public benefits will be featured in the other two. The magnitude of the
benefits will vary between a low and a high value and generate four separate subsamples.

We expect to find that: (1) respondent willingness to pay is, on average, increased by the existence of
public benefits; (2) this increase is tied to demographic and attitudinal variables; and (3) this effect is increased
by the addition of substantial private benefits, but reduced by the addition of a modest private benefit. The
results of these experiments have the potential to influence both the design and marketing of a variety of
information disclosure programs and to evaluate the potential of these programs for altering individual
behavior.

To date, our efforts have focused on a comprehensive review of the literature and on survey instrument
design. A large number of recent additions to the literature have caused us to think more critically about some
of the principles underlying our analysis. The next step in this research project is to finalize the survey
instrument through focus group analyses.

The Office of Research and Development’s National Center for Environmental Research 15
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Environmental Behavior and Decision-Making: Corporate Environmental Behavior and Benefits
of Environmental Information Disclosure

Voluntary Information Programs and Environmental Regulation:
Evidence From “Spare the Air”

W. Bowman Cutter* and Matthew Neidell®
University of California, Riverside, CA; Columbia University. New York, NY

The primary goal of this research project is to assess whether individuals change their transportation
choices in response to “Spare the Air” (STA) advisories, a public voluntary information program in the San
Francisco Bay Area that elicits reductions in automobile trips on days when ground-level ozone is predicted to
exceed Air Quality Standards (AQS). Because some of the emissions from automobiles are a direct precursor
to ozone formation, this program intends to lower ozone levels and improve the chances of attaining AQS in
order to avoid costly regulations.

The secondary goal of this project is to assess whether ozone levels are affected by any STA-induced
changes in transportation decisions. STAs may be a more efficient mechanism than traditional regulations for
lowering ozone levels because it allows policymakers to focus regulatory effort only on those days when the
effort is needed to avoid exceeding ozone standards. Given that numerous areas throughout the country have
since implemented similar voluntary programs, evaluating their impact is necessary to determine how these
programs can best be incorporated into state and local efforts to meet AQS.

To assess the impact of STAs, we used administrative data on highway traffic volumes, public transit
ridership, and observed ozone levels in the Bay Area. Because STAs are issued when ozone levels are
predicted to exceed a particular threshold, we used a regression discontinuity design to identify the effect of
STAs by comparing outcomes on days just above the threshold to outcomes on days just below the threshold.
This design controls for confounding factors to the extent that they are similar around the threshold. Therefore,
any difference in transportation outcomes can be directly attributed to the STA advisory. We also used traffic
conditions in Southern California, an area without STAS, to estimate difference-in-differences models.

Our preliminary results suggest that STAs reduce total daily traffic by 2.5-3.5 percent, with the largest
effect during and just after the morning commuting periods. STAs have no statistically significant effect on
total daily public transit use, but they do have borderline statistically significant effects during peak
commuting periods. STAs, however, do not have a statistically significant effect on ozone levels.

Our results cast doubt on the effectiveness of the STA program and, because the program has the best
chance of working in an environmentally friendly area with several public transit alternatives, we suspect that
comparable traffic programs elsewhere in the United States are unlikely to significantly improve air quality.
The fact that individuals respond to STAs suggests that such voluntary information programs have a potential
role in regulatory policy, but such programs alone do not appear sufficient for detecting improvements in air
quality; additional incentives appear necessary.

16 The Office of Research and Development’s National Center for Environmental Research
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Environmental Behavior and Decision-Making: Corporate Environmental Behavior and Benefits
of Environmental Information Disclosure

National-Scale Activity Survey

Zachary Pekar®, Carol Mansfield®, and Susan Lyon Stone®
'Office of Air Quality Planning and Standards, Office of Air and Radiation, U.S. Environmental Protection
Agency, Research Triangle Park, NC; “Research Triangle Institute, Research Triangle Park, NC

The National-Scale Activity Survey (N-SAS) will collect a variety of data related to the Air Quality Index
(AQI) and the public’s awareness of and response to air pollution in general, focusing initially on ozone with
the potential for future waves focusing on particle pollution. N-SAS consists of two complementary surveys.
The first is a cross-sectional survey measuring awareness, knowledge, and stated responses to air quality
warnings. The second survey will collect activity diary data on a smaller sample of individuals in a specific
area or areas to measure actual behavioral changes on high ozone days. The data collected through N-SAS will
support outreach programs and policy analysis at EPA. The results of the survey will be useful for
accountability initiatives and will enhance the design of informational-outreach programs such as the AQI,
improving exposure modeling and benefits analysis.

The Office of Research and Development’s National Center for Environmental Research 17
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290 Broadway Avenue
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AGENDA

January 14, 2008, Corporate Environmental Behavior

8:00 a.m. - 8:30 a.m. Registration

8:30 a.m. — 8:45 a.m. Introductory Remarks
Kathy Callahan, Deputy Regional Administrator, EPA Region 2
Chris Saint, NCER, Office of Research and Development (ORD), EPA

Session |: Factors Influencing Corporate Compliance Behavior
Session Moderator: Joseph Siegel, EPA Region 2

8:45a.m.-9:10 a.m. Regulatory Regime Changes Under Federalism: Do States Matter
More?
Wayne B. Gray, Clark University

9:10am.-9:35a.m. The Persistence of Economic Factors in Shaping Regulation and
Environmental Performance: The Limits of Regulation and Social
License Pressures
Robert A. Kagan, University of California—Berkeley

9:35a.m.-9:45a.m. Discussant: Walter Mugdan, EPA Region 2

9:45a.m.-9:55a.m. Discuss_ant: Knute Jensen, New Jersey Department of Environmental
Protection

9:55a.m.-10:25a.m. Questions and Discussion

10:25 a.m. — 10:40 a.m. Break
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January 14, 2008, Corporate Environmental Behavior (continued)

Session I1: Environmental Management Systems (EMS
Session Moderator: Nicoletta DiForte, EPA Region 2

10:40 a.m. - 11:05 a.m.

11:05a.m.-11:30 a.m.

11:30 a.m. - 11:55 a.m.

11:55a.m.-12:05 p.m.

12:05 p.m. -12:15 p.m.

12:15 p.m. - 12:45 p.m.

12:45 p.m. -2:10 p.m.

Oregon Business Decisions for Environmental Management
David E. Ervin, Portland State University; Madhu Khanna, University of
Illinois at Urbana—Champaign

Pollution Prevention Practices: Determinants of Adoption and
Effectiveness in Reducing Toxic Releases

Madhu Khanna, University of Illinois at Urbana—Champaign

(Presented by David E. Ervin, Portland State University)

Institutions for Removing Information Asymmetries in the Market for
Corporate Environmental Performance

Ann Terlaak, University of Wisconsin-Madison

Discussant: Kathleen Malone, EPA Region 2
Discussant: David Gunnarson, Lockheed Martin
Questions and Discussion

Lunch (on your own)

Session I11: Voluntary Climate Change Programs
Session Moderator: Irene Boland, EPA Region 2

2:10 p.m. -2:35 p.m.

2:35p.m. -3:00 p.m.

3:00 p.m. - 3:15 p.m.
3:15p.m. -3:25 p.m.
3:25 p.m.-3:35 p.m.

3:35 p.m. -4:05 p.m.

Evaluating Voluntary Climate Programs in the United States
Richard Morgenstern, William A. Pizer, Resources for the Future

Voluntary Agreements To Improve Environmental Quality: Are Late
Joiners the Free Riders?

Magali Delmas, University of California—Santa Barbara

Break

Discussant: Joseph Siegel, EPA Region 2

Discussant: John Cusack, Gifford Park Associates

Questions and Discussion
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January 15, 2008, More on Corporate Behavior and Benefits of Environmental

Information Disclosure

8:00 a.m. -8:30 a.m.

Registration

Session 1V: Hazardous Waste Management

Session Moderator: Barry Tornick, EPA Region 2
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10:05 a.m. —-10:35 a.m.

10:35 a.m. -10:50 a.m.

What Drives Participation in State Voluntary Cleanup Programs?
Evidence From Oregon
Allen Blackman, Resources for the Future; Kris Wernstedt, Virginia Tech

The Consequences of Self-Policing
Sarah L. Stafford, College of William and Mary

Green Production Through Competitive Testing
Terry Taylor, University of California—Berkeley

Discussant: Carl Plossl, EPA Region 2
Discussant: Larry Schnapf, Schulte Roth & Zabel, LLP
Questions and Discussion

Break

Session V: Information Disclosure: The TRI
Session Moderator: Nora Lopez, EPA Region 2

10:50 a.m. - 11:15a.m.

11:15a.m.-11:40 a.m.

11:40 a.m. —12:05 p.m.

12:05 p.m. -12:15 p.m.
12:15 p.m. - 12:25 p.m.

12:25 p.m. - 12:55 p.m.

12:55 p.m. - 2:15 p.m.

Disclosure as a Regulatory Instrument for the Environment: A Study of
the Toxic Release Inventory in the Printed Circuit Board Industry
Linda T.M. Bui, Brandeis University

The Effectiveness of Information Disclosure: An Examination of the TRI
Lori Snyder Bennear, Duke University

Regulation With Competing Objectives, Self-Reporting, and Imperfect
Monitoring

Scott Gilpatric, University of Tennessee—Knoxville

Discussant: Dinah Koehler, NCER, ORD, EPA

Discussant: Howard Apsan, The City University of New York

Questions and Discussion

Lunch (on your own)



January 15, 2008, More on Corporate Behavior and Benefits of Environmental
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Session VI: Information Disclosure: Eco-Labeling
Session Moderator: John Filippelli, EPA Region 2

2:15 p.m. -2:40 p.m.

2:40 p.m. - 3:05 p.m.

3:05 p.m. -3:15 p.m.

3:15p.m. -3:25 p.m.

3:25 p.m. - 3:55 p.m.

3:55 p.m. -4:10 p.m.

Competing Environmental Labels
Carolyn Fischer, Resources for the Future

Consumer Labeling and Motivation Crowding-Out
Christopher D. Clark, University of Tennessee—Knoxville

Discussant: Rabi Kieber, EPA Region 2

Discussant: Marsha Walton, New York State Energy Research and
Development Authority

Questions and Discussion

Break

Session VII: Information Disclosure: Air Quality Information
Session Moderator: Joann Brennan-McKee, EPA Region 2

4:10 p.m. - 4:35 p.m.

4:35 p.m. -5:00 p.m.

5:00 p.m. -5:10 p.m.

5:10 p.m. -5:20 p.m.

5:20 p.m. - 5:50 p.m.

5:50 p.m. - 6:05 p.m.

6:05 p.m.

Voluntary Information Programs and Environmental Regulation:
Evidence From “Spare the Air”
Matthew Neidell, Columbia University

National-Scale Activity Survey (N-SAS)

Zachary Pekar, Office of Air Quality Planning and Standards, EPA;
Carol Mansfield, RTI International

Discussant: Bill Baker, EPA Region 2

Discussant: Andy Darrell, Environmental Defense

Questions and Discussion

Final Remarks

Dinah Koehler, NCER, ORD, EPA

Chris Saint, NCER, ORD, EPA

Adjournment
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The Science to Achieve Results
(STAR) Research Program in
Economics & Decision Sciences

Chris Saint, PhD

Acting Director, ) o
Environmental Engineering Research Division
National Center for Environmental Research
Office of Research & Development

Science to Achieve Results
(STAR) Program
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profits in EPA’s research program to
ensure that the highest quality science
supports sound decision-making

Office of
Research &
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SEPA
STAR Research:
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«Valuation of ecological and health benefits.
- Corporate environmental behavior.

- Effectiveness of government interventions.

- Market mechanisms and incentives.

+Value and use of environmental information.
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»What is the STAR Program?

»Why the interest in EDS?

»What research has STAR supported?

F Off ofReseschand Dvelopment

SEn EPA Interest in

Economics and Decision Sciences

-What are the motivations for environmental
behavior and decisions?

+How do people value environmental and
health benefits?

«What are the typical responses of different
entities to government interventions?

«What are the relationships between
socioeconomics and long-term
environmental issues?

SEPA
STAR EDS Research Budget
History
45 7
41 35 35
351 3
2
=251 2 2 2 2
3 24
14
05+
0 T T T T T
2000 2001 2002 2003 2004 2005 2006 2007
Year
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Regulatory Regime Changes Under Federalism:
Do States Matter More?

Wayne B. Gray,
Clark University & NBER
and
Ronald J. Shadbegian,
UMass-Dartmouth & NCEE

(preliminary — not for citation — January 2008)

The opinions and conclusions expressed are those of the authors and not the EPA.

WGRS_EPA_Star_011408 1

Federal System

U.S. Environmental Policymaking

- EPA promulgates regulations and sets
stringency

- States implement and enforce regulations
- States have considerable discretion

- writing air and water permits

- inspecting plants

- some state-specific rules and laws

WGRS_EPA_Star_011408

State discretion — Pros and Cons

Pros:

- States have flexibility in regulating =>
opportunities for innovative policies
(50 experiments)

- Increase net benefits from regulation
- set MB = MC in different locations

WGRS_EPA_Star_011408 3

State discretion — Pros and Cons (cont)

Cons:

- States free ride off neighbor’s cleanup,
allow border plants to pollute (MC<MB)

- Sigman (2005)

- Helland and Whitford (2003)

- Gray and Shadbegian (2004)

- “Race to the Bottom” — be lax, get jobs

- “Race to the Top” — local harm, NIMBY

WGRS_EPA_Star_011408

Environmental Federalism

States differ in implementation and enforcement

« Do stricter national regulations reduce state
differences in effective regulatory stringency?

Stricter national regulations could:

- “raise the bar” forcing less stringent states to
become more stringent

- give greater power to state regulators,
enabling greater increases in stringency at
more stringent states

WGRS_EPA_Star_011408 5

Paper Industry Background
Geographically diverse industry (21 states)
Technology differences: pulping type, non-pulping
Major source of water pollution (un-boatable rivers)
Air pollution - PM, SO,, NO, - power & recovery boilers

Toxics - dioxin (kraft pulping + chlorine bleaching)

WGRS_EPA_Star_011408
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Cluster Rule
First Integrated, Multimedia Regulation

- Targets reductions in toxic air and water
releases from pulp and paper mills

- Announced March 8, 1996

- Promulgated April 18, 1998

- Effective April 2001

- Integrated to reduce regulatory burden

WGRS_EPA_Star_011408 7

Cluster Rule (cont)

e Air Regulations

Two MACT (Maximum Achievable Control
Technology) Standards:

490 pulp and paper mills affected
1) more stringent for 155 mills using chemical
pulping techniques

2) Less stringent for 335 mills using mechanical
pulping techniques or purchased pulp

WGRS_EPA_Star_011408

Cluster Rule (cont)
Goals for AIR Reductions:
59% - Hazardous Air Pollutants
47% - Sulfur

49% - VOCs
37% - PM

WGRS_EPA_Star_011408 9

Cluster Rule (cont)

e \Water Regulations

BAT (Best Available Technology Economically
Achievable) Standard for reducing dioxin,
furan, chloroform

- Impacts 96 of the 155 chemical pulping plants

WGRS_EPA_Star_011408

Cluster Rule (cont)
Goals for WATER Reductions

96% - Dioxin and Furan
99% - Chloroform

WGRS_EPA_Star_011408 11

Toxic Releases, 1996-2005

250000000
200000000 - —e—Total all
W chemicals
150000000 1 Core-1988
100000000 - chemicals
Core-1988
50000000 - Air
(imEEsssssss  —sCoeloss
8 Water
© R O &
F L &S
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Total Chloroform Releases, 1996-2005
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Components of Chloroform Releases, 1996-2005

WGRS_EPA_Star_011408

100000 70
80000 | 60
r 50
60000 | 40 |—o—Mean releases
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+ 20
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Literature Review

Environmental performance of polluting plants:

e Conventional Air and Water pollutants:
Magat and Viscusi (1990)
Gray and Deily (1996)
Laplante and Rilstone (1996)
Nadeau (1997)
Shadbegian and Gray (2003, 2006)
Earnhart (2004a, 2004b)
Shimshack and Ward (2005)
Gray and Shadbegian (2005, 2007)

WGRS_EPA_Star_011408
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Literature Review (cont)

e Toxic Pollutants
Khanna and Damon (1999)
Bui (2005)

Arora and Cason (1999)
Wolverton (2002)

WGRS_EPA_Star_011408

Environmental Performance

Z = F(CLUSTER ,,, STATE,, CLUSTER,, *STATE,,
va X YEAR,, upkt)

Z, = environmental performance of plant p at time t for

pollutant k (toxic and conventional air and water emissions)
higher Z = poorer performance

CLUSTER,,, = Cluster Rule stringency (MACT, BAT) at
plant p at time t along dimension k

STATE;, = index of state regulatory stringency

CLUSTER*STATE - test whether stricter states are differentially
affected by the Cluster Rule

WGRS_EPA_Star_011408
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DATA

150 paper mills, 1996-2005 (105 MACT, 65 BAT)

TRI - Toxic - Total Releases, Air, Water, Chloroform
IDEA — Water — BOD and TSS
NEI (1996, 1999, 2002) — Air - PM10, SO2, VOCs

State Level Stringency — Green Vote
Lockwood Directory - Plant age, pulp & paper capacity

Technology — Kraft Pulping

Firm data — Compustat — Employment, Profits
Border Plant, Nonattainment, Poor, College Graduates

WGRS_EPA_Star_011408
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RESULTS
BASIC TRI MODEL

Ordinary Least Squares Regression

Log(Releases) = f(plant, firm, location, regulation, years)

Regulation — overall stringency - GREEN VOTE

Year Dummies — changes around time of cluster rule
possible anticipation, lagged effect

WGRS_EPA_Star_011408 19

BASIC TRI MODEL
(base year = 1996 = 0.000)

AIR  WATER Chloroform TOTAL
1997  -0.035 0.412 -0.190 0.109
1998  -0.060 0.803* -0.340 0.084
1999  -0.067 0.775* -0.698 0.048
2000 -0.200 0.630 -1.419* -0.027

2001  -0.424 0.722 -2578* -0.240
2002  -0.464 0.815* -2.835* -0.275
2003  -0.502* 0.996* -2.982* -0.303
2004  -0.419 1.103* -3.139* -0.223
2005  -0.488* 1.015* -3.287* -0.280

WGRS_EPA_Star_011408 20

BASIC TRI MODEL

Probability of equality across years
AIR WATER Chloroform TOTAL

1996-2000 (93)  (.22) (.02) (.94)
2001-2005 (.99)  (.86) (.58) (.99)
1996-2005 (11)  (.20) (.00) (.09)

GREEN VOTE -0.015* -0.009 -0.024* -0.010*

R-square 0.387  0.327 0.203 0.452

WGRS_EPA_Star_011408 21

EXTENDED TRI MODEL

Same Plant, Firm, Location variables

Regulation — overall regulatory stringency - GREEN VOTE
Year Dummies — identify changes around time of cluster rule
(measures effects for least-stringent group)

MACT - 105 plants (subject to stricter air regulation)
BAT - 65 plants (subject to stricter water regulation)

Effective dates:
MACT - all 2001
BAT - some variation (water permit timing)

WGRS_EPA_Star_011408 22

EXTENDED TRI MODEL

AIR  WATER Chloroform TOTAL

MACT 1.585* -0.632 1.334*
EFF-MACT 0.365 -0.596 0.350*
BAT 1.192*  3.823* -0.016
EFF-BAT -0.327  -3.390*  -0.097

GREEN VOTE -0.009* -0.008 -0.024* -0.005

WGRS_EPA_Star_011408 23

5-YEAR-CHANGE TRI MODEL

5-year growth: Log(TRI), - Log(TRI).s
Comparing 2001-2005 with 1996-2000 (year by year)

Same Plant, Firm, Location variables
Year Dummies — changes within post-Cluster Rule period

Regulation variables

GREEN VOTE - state stringency

Effective MACT - plants subject to stricter air regulation
Effective BAT — plants subject to stricter water regulation

WGRS_EPA_Star_011408 2%
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5-YEAR-CHANGE TRI MODELS

AIR  WATER Chloroform TOTAL
EFF-MACT 0.376* 1.086*  0.213
EFF-BAT -0.353  -4.510*  -0.040

GREEN VOTE 0.012*  0.001  0.011 0.010*

WGRS_EPA_Star_011408 25

CONVENTIONAL POLLUTANTS

Provides comparison with TRI releases

Possible substitutes (within media or across media)
Possible complements (closed-loop process)
Regulation:

overall regulatory stringency —- GREEN VOTE

Year Dummies — changes over time
MACT, BAT - Air, Water toxics stringency

WGRS_EPA_Star_011408 2%

EXTENDED CONVENTIONAL MODEL

PM10  S02 VOCs BOD TSS
MACT 0.775* 0.202  0.656*
EFF-MACT -0481 0.132 -0.520
BAT 0.176  0.228*
EFF-BAT 0.139  0.098

GREEN VOTE -0.018* -0.023* -0.020* -0.016* -0.011*

WGRS_EPA_Star_011408 27

5-YEAR-CHANGE - CONVENTIONAL

PM10 S02 VOCs BOD TSS

EFF-MACT 0.051  1.332*  0.056

CONCLUSIONS

Control variables have (mostly) expected effects
— Big, pulping plants emit more

— More profitable emit less

— Border plants emit more

— Plants in poor neighborhoods emit more

— Plants in college-educated neighborhoods emit less
Regulatory stringency matters

— Non-attainment — less air toxics, less particulates

— GREEN VOTE - less air, water, chloroform,
conventional

WGRS_EPA_Star_011408 29

EFF-BAT 0.161 0.208
GREEN VOTE 0.010 0.031* 0.020 -0.001  -0.002
WGRS_EPA_Star_011408 28
CONCLUSIONS

« Some Cluster Rule effects found

— Reductions in air toxics around 2001

— Very large reductions in chloroform, starting earlier

- Effective-BAT plants (weakly) reduce water toxics

— Effective-MACT plants (weakly) emit less PM10,VOC
e But...

— Increases in water toxics overall

— MACT plants increase air toxics around effective date

WGRS_EPA_Star_011408 30
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CONCLUSIONS

Impact of state stringency

- Plants in stringent states have smaller reductions

— Answers question of paper: Do States Matter More?

— No, States Matter Less

WGRS_EPA_Star_011408 31

Application to Decision-Making

Regulatory design, impact of stricter rules
« Focus on “federal” aspect of regulation
 Decision-maker = federal regulator

« Considering new rule to increase stringency
— How much will plants reduce pollution?
— How will impacts differ across plants?
— What spillovers on other pollutants?

WGRS_EPA_Star_011408
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Application to Decision-Making

Expect some pollution reduction?

- Yes, at least for some pollutants

Impacts differing across plants?

- Yes, depending on prior stringency

— Less impact on plants in stricter states

— Not closely connected to regulation-specific stringency
Spillovers to other pollutants?

— Not much observed here for conventional pollutants

WGRS_EPA_Star_011408 33

Application to Decision-Making

« Key points:

— State regulatory stringency matters

— Some plants already have low emissions
« Caveats

— Results from single industry

— Negative publicity = additional incentive

WGRS_EPA_Star_011408
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The Persistence of Economic Factors
in Shaping Regulation and

Environmental Performance:
The Limits of Social License Pressures

Dorothy Thornton
Robert A. Kagan
Neil Gunningham

Presented at the EPA workshop on Environmental Behavior and
Decision-Making Research January 14 - 15, 2008

Economic Model of

Regulatory Design

e Regulatory policies shaped by
concentrated economic
interests/dominant firms

e Diffuse, unorganized interests will
bear costs of regulation

Economic Model of Firm

Environmental Behavior

e Compliance driven entirely by risk of
detection and punishment

e Implies: No firms go ‘beyond
compliance’

3/11/2008

Regulation of dangerous
emissions from heavy-duty

trucks: two puzzles

e Explaining design of regulatory
programs in the United States

e Explaining variation in environmental
behavior of trucking firms

Political Science View of
Regulatory Design

e More variables

e Policy entrepreneurs and diffuse
interests

o Mobilization after disaster, scandals,
scary research findings

Sociolegal View of Firm
Environmental Behavior

e Compliance is the norm, even when
enforcement risk is relatively remote

e Many firms systematically take
“beyond compliance” actions

e Firm behavior shaped by norms,
social pressures, and environmental
reputation




3/11/2008

The limits of social license
pressures?

Why Trucks?

e In aggregate, LARGE environmental

.. impact
e Are social license pressures
meaningful in regulatory fields
with many small firms, less e Large numbers of small firms: a
closely watched, with fewer special regulatory challenge

economic resources?

e Do our theories of regulation and
firm behavior still hold when applied
to such sectors?

Texas Fleet Size Distribution,

Research Design

2005
= e Study evolution of federal and state
I regulatory programs
g « State level policy-tracing - focus on
g = Texas & California
10
5 e Policy consequences: intensive
o - -
1 2110 111030 3110200 200+ case-studies of 16 small/medium
Fleet Si - -
eet=ize firms, 8 each in TX and CA.
‘D Percent of Companies B Percent of Trucks ‘

Many Trucks, Health and Environmental

Intense Competition Impacts of Diesel Emissions

e 3 million heavy duty inter-state
trucks + many more intra-state e Particulates (PM), Nitrous oxides
(NOx), and Carbon (CO2)

e Engines can last 30 to 40 years

e California Air Resources Board
(CARB) estimates 2,880 premature
deaths in CA per year due to diesel
emissions

e New truck costs ~$150,000; Used
truck ~$20,000
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e Result: intense price competition
| |
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Federal Regulation of Diesel Truck Emissions --
Technology Forcing for Engine Manufacturers

No Direct Federal Regulation of

Truck Owners and Operators

e No requirement for owner/
operators to buy new, lower
polluting models

s e no “best available control
01 - technology (BAT)” requirement

L e S L e e e e L A I B e e e e e
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e i.e, older, dirtier trucks
NOx Consent Decree “grandfathered in"

Explaining the Federal Regulatory Explaining the Regulatory Gap II:

Gap I: the Economic Problem The Political Problem

e BAT requirement > political risk of
driving many thousands of small
firms out of business, driving up
costs of all goods and services

e Traditional “polluter pays” theory
assumes regulatory compliance
costs will be passed on to
product/service users

e Where were the large trucking
companies? Immobilized by
conflicting interests

e Not in trucking: a market with many
small, precariously-capitalized
companies, perfect competition

The Federal Govt’'s Choice:

Push States to Get Old Trucks Off the Road State Actions: TX

o Tighten NAAQSs for Ozone (NOx) and PM
o TX: few non-attainment areas

State Implementation Plans (SIPs) must

meet NAAQS « No SIP requirements that apply

directly to trucking companies
e Tie federal highway funds to meeting SIP
requirements and ‘transportation

conformity’ e Subsidy program

o Offer federal funds for state/local subsidy
programs
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CA Regulations

e 2000: Diesel Risk Reduction Plan, based on
CA toxics law:

e Fleet emissions reduction requirements
for: (1) transit buses, (2) garbage trucks,
(3) public truck fleets, (4) drayage fleet,
then (5) remaining private truck fleets

e Subsidies - esp. urban bus fleets

Regulatory Policy Bottom Line:

Economics Again

e Slow motion retirement of dirty trucks
e Subsidy programs > minor impact
e Why? mandatory BAT >

enormous compliance costs >

many firms out of business, higher
shipping costs >

high political risk

Firm-Level Environmental

Performance: Sampling Companies

3/11/2008

The limited reach of subsidy

programs: economics again

e Texas subsidies dispersed through
2005: $57 Million

e Old trucks replaced=1,300.
Cost per truck $44,000

e 2005 Texas trucks with 1990 or
earlier MY =40,000

e Cost to replace 38,000 trucks @
44k/trk = $1.7 Billion

Intervening Variables in the Relationship
Between External License Pressures,

Management Attitude and
Environmental Performance

External License

Intervening Variables:
Pressures:

Company Policy/ Truck
Behavior that Determines
Legal Environmental Performance
Social
Economic +  Fuel type

Fleet age/distribution
Quality of maintenance
Highway speed

Idling

Distance Traveled

Environmental
Performance

Management
Attitude

Environmental License
Requirements for Truck Companies

e 16 firms, sample stratified by state,
location, fleet size (small or very
small), estimated environmental
performance

¢ In-depth interviews + technical fleet
analysis

e Regulatory License Pressures:
minimal

e Social license Pressures: minimal

e Economic License Pressures:
drive environmental performance
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In Summary: There are three Levels of

Economic License Pressures

e (1) Market conditions: state of
economy, price of labor, price of
fuel.

e (2) Profitability (self-described as
‘strained’ to ‘excellent’)

e (3) Economic Niche - e.g. long haul
Vs port drayage

The Impact of Economic License Pressures
on Company-Level Fleet Characteristics that

Determine Environmental Performance

e Each economic factor has both negative
and positive effects on emissions.

e The net effect is unpredictable and
depends on the specific market conditions
and management attitude of a particular
firm.

Firm-Level Study: Conclusion |

¢ In a highly competitive market with little direct
regulation or surveillance:

e Environmental behavior of small firms is driven by
economic pressures. Better environmental
performance is unintended consequence of
economically-motivated behavior.

e Economic pressures play out on three different
levels: (a) the general market, (b) the economic
niche, and (c) company-level financial condition.

e policies must take this economic reality into
account.

3/11/2008

The Impact of Economic License Pressures on Company-Level Fleet

Characteristics that Determine Truck Fleet Emissions

Effect of Economic Factors on the Determinants of
Envir Performance
Economic Factors
Better Emissions Worse Emissions
Expanding Economy >
higher revenues, - Younger fleet (more capital) [ o oL
within niche limits’
More capital*
More Expensive Diesel Fuel | « Less idiing
> « Better maintenance
Seneral Incentive for fuel cost | « Better logistics (fewer miles | * S1der fleet ‘cha'gf;;’)
E:ﬂ:;“ controls** for same deliveries) b P
Y Less capital** «_Lower highway speed
More Expensive Labor, Fuel cost controls viz.:
Workers' Compensation, « Less idling
etc. > e« Better maintenance
Less available capital*, more | « Better logistics (fewer miles | O'der fleet
incentive for fuel cost for same deliveries)
controls** «_Lower highway speed
Long Trips = need for « Younger fleet < More idiing
more reliable trucks** | « Better maintenance « More miles
Sensitive goods « Younger fleet
Market "
s More reliable trucks* | « Better maintenance
dc;is‘:gxers demand speedy | | \cyer fleet « Faster highway
Y tore reliable truckes | * Better maintenance speeds
e« Better maintenance
EID"':E::{ Company doing well (more - mﬁ:’:’:r fleet within niche
Condition | ¢@Pital) « Able to install idling-control
nt

Measuring Environmental

Performance

e Est. emissions: CA (EMFAC) model

e Used average rank of 5 different
measures of environmental
performance

* average grams/mile for NOx and PM.
+ total grams/truck emissions NOx and PM

«  fuel economy

Firm-Level Study: Conclusion II.

e Social license has no direct impact on
small companies unless communities (like
those adjacent to the Los Angeles or
Oakland ports) can exert economic
pressures that result in regulatory action.




Oregon Business Decisions
for Environmental
Management

Project Team

e David Ervin, PI, Portland State U.

e Madhu Khanna, PI, U. lllinois

e Patricia Koss, PI, Portland State U.

e Junjie Wu, PI, Oregon State U.

e Cody Jones, GRA, Portland State U.

e Cameron Speir, GRA, U. Illinois

e Terry Wirkkala, GRA, Oregon State U.

Findings from U.S. EPA Funded Project
on Corporate Environmental Behavior and
Effectiveness of Government:Intervention

January 14, 2008

. Survey Coverage
Objectives
Building Construction ~ 19.6% . Sent to 1964 facilities

1. Collect primary data on env.mgmt practices
(EMPs), voluntary env program participation
(VEPs), pollution prevention actions (P2) and
env performance (EP) for Oregon businesses.

Test the influences of market, regulatory and
other factors on the adoption of EMPs, VEPS,
P2 and EP.

Infer the market and policy conditions that
promote effective ‘voluntary’ environmental
management programs.

(236)

Food Manufacturing
(311)

Wood Products Mfg
(321)

Computer &
Electronics Mfg (334)

Truck Transport(484)

15.4%

17.3%

7.4%

18.9%

in Oregon in 2005
35% response rate

Non-response biasnot
detected in employment;
geographic location or
responses across mailing
waves

i 0,
Accommodation (721) 20.5% B rihitertscale

4

Survey

® Designed questions based on literature and
16.8 industry interviews. (Appendix A)

® Sections
1.Business environmental mgmt(BEM)

Respondents

e Mean facility revenue (mil $)
® Retail 44.7%

e Some R&D capacity 13.0%
e Publicly traded 10.4%
e Multinational status 12.7%

e Revenue spent on env mgmt 2.4%
e > (0 reg inspection in 2004 42.0%
e > (0 env penalty, etc.in 2004 2.0%

motivations

2.Environmental policies and practices -
EMPs, VEPs, and P2

3.Environmental performance (EP)

4.General information, e.g. annual
revenues, management age

Oregon Business Motivations for
Environmental Performance



Three Analyses

Discern observable facility
characteristics associated with.voluntary
environmental program participation
(VEPs) and EMP adoption.

Examine the strength of various observed
and perceived incentives to adopt EMPS
and take P2 actions.

Test a new model of BEM in which

EMPs link to P2, and EMP and P2 link to
EP.

I. Observed Facility Characteristics
Explaining the Count of VEP Participation
and EMP Adeption

® VEPs include Climate Savers, Energy Star, 1ISO 14001,
green building programs, etc.

® Factors affecting both VEP and EMP adoption
— Regulatory pressures (particularly related to'solidhwaste)

— Perception that environmental issues a significant
concern for the facility

® Factors affecting only EMP adoption
— Innovativeness of facility particularly if ISSUE =1
® Factors affecting only VEP participation

— Size (number of employees), MNC status and fewer
competitors (particularly if ISSUE=1)

7

I1. Incentives for EMP Adoption and P2 Activities
® Scaled responses to survey-questions used to create latent
constructs representing extent of EMP and P2 adoption and
strength of perceived motivations for adoption from
consumers, investors, regulators and other interest groups

Implications of Count Analysis

e \VEP participation is more costly;
provides visible signals to enable ‘ .
product differentiation. > Key Findings

e EMP adoption requires more ® Determinants of extent of EMP implementation
managerial creativity. — Managerial Attitudes, Regulatory Pressures (particularly if

) ISSUE=0), Investor Pressure, Barriers to Implementation
e Regulatory pressures are important but

i | ) ® Determinants of P2 Adoption
impact differs across regulations and ~ Managerial Attitudes, Regulatory Pressures, EMP Adoption
type of voluntary activity.

® Competitive Pressures significant in motivating EMP and
P2 adoption if ISSUE=1

® Consumer and Interest group pressures not significant ;

Linked Model Findings

e Good fit: R Square = .55

e Significant variables have hypothesized
signs, with two exceptions for EP.

e Management values toward environment

I11. Model linking EMP, P2 & EP

® Ultility maximization (profitand EM)
® Estimate three equations using principal
component indices for EMPs, P2, EP,etc.
. EMP intensity = Motivations + Selected
Facility Characteristics
. P2 use = EMP intensity + EP + Selected
Facility Characteristics

. EP = EMP intensity + P2 use + Selected
Facility Characteristics

have largest positive effect on EMPs.

e Competitiveness, regulatory & investor
pressures have positive effects on EMPs.

e Index of barriers negatively affects EMPs.
e EMP intensity and reg. inspections affect P2

12

Oregon Business Motivations for
Environmental Performance



Linked Model Findings cont’'d

® Only facility characteristics-affected 2004
change in environmental performance (EP)

— % Revenue spent on EM in 2003 =
positive

— % Revenue spent on EM in 2004 —
negative

— Parent company ownership — positive

— Environmental penalty in 2004 — negative

— Mid-sized facility — positive (suggests a
non-linear relationship for facility size)

Conclusions and Implications

e Regulatory system is an essential
complement to voluntary BEM.

e Key market forces also significantly
influence EMP and P2 decisions.

e Information based voluntary environmental
management programs must be supported
by complementary regulatory and market
forces.

Publications and Reports

o Website http://obep.research.pdx.edu/
® Project Summary Report

e Hall, Teresa, “Business Decisions for.:\Voluntary
Environmental Management: Motivations,
Actions and Outcomes,” M.S. Thesis, Oregon
State University, 2006.

e Jones, Cody, “Voluntary Environmental Program
Participation in Oregon: Summary Statistics,”
MEM report, Portland State University, 2007.

e “Motivations for VVoluntary Environmental
Management,” Policy Studies Journal
(forthcoming)

e “Toward a Fuller Understanding of Business
Environmental Management” in review

Oregon Business Motivations for
Environmental Performance

Conclusions and Implications

e Diverse motivational and market pressures
and facility characteristics affect EMP, P2,
& EP - Silver bullet approaches will not
work.

e BEM decisions depend on more than profit.

e Managerial values and attitudes that
environmental issues are important are
strong motivators for EMPs, VEPs and P2
actions.

Future Work

Improve environmental performance
measures and data.

Delve into the origins of upper management
attitudes on the environment.

Improve BEM theory and modeling to
reflect interdependent decision stages, €.9.)
VEPs, EMPs, P2, and EP.

Appendix A

Selected Survey Content and
Responses




Sample Likert Scale Question

Please indicate the extent each of the following factors has

BEM Motivations
influenced environmental management at your facility in the

@ Consumer interest and wi ||ingness to last 5 years. (Please check only ONE box for each factor.)

pay for env friendly products/services Mo Gl Rl
Influence Influence Know

@®|nvestor pressure v v v v v v

0C0mpetitiveness concerns . Customer desire for_environmentally friendly
products and services

® Interest group pressure 06 D2 O3 04 O ah)

OReguIatory pressures b Customer_willingness to pay higher prices _
for environmentally friendly products/services.

®Barriers, e.g., upfront costs, time, lack 01 02 O3 04 O5 oD
of expertise

Mean | Description

Mean Description

Values* Yes, 0.= No
Count of EMPs implemented at the facility, range Voluntary
01010 Programs

Environmental audits at regular intervals

Green purchasing policy

Environmental cost accounting -

Environmental standards for suppliers I Facility participated in a program designed to reduce ‘multiple

- Periodic public publishing of environmental impacts, such as the Oregon Natural Step Network
- IOITEtoN Facility participated in an industry specific program, such as
0.02

Employee compensation for contributions to ’ Smartway Transport
environmental performance = = =
Al 0.05 | Facility participated in another type of program such aszyvater
conservation, stormwater management, etc. ®

: Environmental Performance
P2 Actions
@ 2004 Impacts

® Mean =38, SD = 1.1 (Scales] low -5 high) — Wastewater and dewatering discharge
. Reduction of spills and leaks is.emphasized. . )
— Solid waste and recycling

. Recycling has increased and landfilling has )
been reduced. — Hazardous or toxic wastes

. Pollution prevention is emphasized to _ e Al
improve environmental performance. Carbon dioxide (CO,) emissions

. Production systems have been modified to — Hazardous air emissions
EEEE S — Electricity and natural gas (selected)

. Products have been modified to reduce _ »
environmental impacts. — Green building/energy efficiency

. Raw materials are chosen to reduce impacts. (construction)
— Diesel and biodiesel use (transport)

® Measures: outcomes, compliance, changes 2

Oregon Business Motivations for
Environmental Performance



Facility characteristics

® Publicly traded v. privately-owned

® Owned by parent company

® Annual revenue

@ Multinational operations

® Environmental official and staff

® % revenue spent on environmental mgmt
® R&D capacity

® Operate in retail market

® Number of close competitors

® Age of upper management

Oregon Business Motivations for
Environmental Performance
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Pollution Prevention Practices: Determinants
of Adoption and Effectiveness in Reducing

Toxic Releases

Madhu Khanna
Department of Agricultural and Consumer Economics
University of Illinois at Urbana-Champaign
with
George Deltas, Satish Joshi and Donna Harrington

Implementation of TQEM
 Systems approach to underlying cause of problem

« Defect prevention instead of detection
« Pollution a form of defect/inefficiency

 Creation and utilization of firm-specific knowledge

— Cross functional teams identify practices, use of flow-charts, life-
cycle analysis, full cost accounting

— Learning from other organizations

— Involvement of front-line employees in searching for improved
and simplified work practices to improve quality

— Communication; information sharing among all hierarchical levels

— Employee training and team-based rewards
» Complementarities with Pollution Prevention

Data

Sample of S&P 500 firms: Survey data on TQEM adoption
(Investor Research Responsibility Center) for 1992-1996

Sample of facilities of S&P 500 firms reporting to TRI (1991-
2001)

Toxic releases and pollution prevention activities- USEPA’s TRI
data

Regulatory data from USEPA; Financial Data from Research
Insight

Pollution prevention practices: 8 broad categories adopted for
each toxic chemical by each facility — aggregated for parent
company
— changes in operating practices, spill and leak prevention; modifications to
equipiment, processes, products or raw imateriais

Total Quality Environmental Management

— Continuous improvement

— Defect/waste prevention, quality improvement, cost-reduction

Research Objectives

Demand side pressures and supply side influences

Internal organizational changes: TQEM
External Pressures: Regulatory and Market
Technical capabilities

Classify P2 practices according to

Functional characteristics (modifications to equipment, materials,
procedures or other/customized)

Visibility to consumers
Efficiency enhancing/auxiliary cost savings

Presence of lagged effects of P2
Path dependence in toxic releases

Trends in Average P2 and Toxic Releases

P2 count if P2>0

\\o—m_,%,

Qff-site

M Lbs; P2 Counts

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
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Research Question 1

What motivates the voluntary
adoption of TQEM?

Research Question 2

Does TQEM lead to the adoption of pollution
prevention practices?

Do regulatory pressures encourage or
discourage pollution prevention activities?

Significant Motivators of P2

Penalties, inspections, location in non-attainment counties have a positive
impact on P2 but not on Weighted P2

« Not motivating more pollution intensive facilities within the firm
Larger volume of HAP
Smaller threat of liabilities for Superfund Sites

Stronger indirect effect by motivating TQEM than direct effect on P2

Market pressures from consumers and environmental groups, age of assets,
sales

Key Findings
Internal motivations driving TQEM adoption rather than
concerns about external stakeholders.
Demand Side Final Good Dummy
(External Benefits) Final * Market Share
Final *Total Toxic Releases
Superfund Sites, Penalties, Inspections

Demand Side Toxic Releases (+) *
(Internal Benefits)

Supply Side R&D Intensity (+)***

(Internal Capabilities/ Sales (+)***

Costs) Number of Facilities (-) ***
Market Share (+) ***

Industry Controls Percent of Peer Firms Adopting TQEM
(within 4 digit SIC)
Industry Concentration (HH Index)
SIC codes

Measure of P2 Activities

» Sum of all New P2 activities adopted that year across all
chemicals and facilities

Count of Chemicals for which any P2 activity undertaken
summed across chemicals and facilities

Weighted Sum of New P2 across facilities with weights being
facility’s share in the five-year lagged toxic releases of the
parent company

Key Findings on Motivators of P2

TQEM does lead firms to adopt more P2 activities

Firms and facilities within firms with high toxic
releases face higher costs of P2 and adopt fewer P2

Regulatory pressures, particularly, HAP motivate P2

Technical capability an important determinant of P2
adoption




Types of P2 practices

Research Question 3

. . — Physical changes in equipment
Types of P2 Practices Responsive to TQEM Y g quip

— Change in materials usage
— Change in operating procedures

Channels through which TQEM affects operations _ Other customized modifications

— Visibility to consumers
— Efficiency-enhancing

Classification of Pollution Prevention Practices iri ;
Empirical Analysis

Spill and Leak Prevention

31 Improved storage or stacking . e
E i N N P ~ Number of P2 practices of a specific category adopted

32 Improved procedures for loading,
unloading, and transfer operations

- TQEM
— TQEM * attributes (with the unclassified category as default)
— Number of Chemicals
39 Other changes made in spill and leak .
prevention — Cumulative le—l
— Total Lagge P2,
— Practice fixed effects

Product Modifications

81 Changed product specifications _-_

82 Modified design or composition of
product X
+ 5T EOTIES O ice

Simulation —Effect of Delaying TQEM Adoption
by One Year

SIC Code and Mean % Change in Pollution Prevention
Industry Name Counts due to TQEM

13 |[Oil&GasE i 14.2

— Unclassified/Customized attributes 13.6
— Procedural Modifications 21 | Tobacco Products 14.0

— One of the above + Visible to consumers or Efficiency 26_| Paper & Allied Products 120
enhancing features Chemicals & Allied Products 20.1

9 | Petroleum Refining & Related Industries 271.7

32 | Stone, Clay, Glass, & Concrete Products 17.9
— Number of P2 practices of all types adopted last year 33 _| Primary Metal Industries 19.2
Fabricated Metal Products 10.8
Ind. & Comm Machinery & Computer Equip. 10.0
Electronic & Other Electrical Equipment 18.9

Motivators of P2 and Types of Practices
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— Number of all P2 practices adopted since 1991 -
Transport Equipment 155

Communication 19.4
All Industries 16.1
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US EPA ARCHIVE DOCUMENT

Key Findings

lead to adoption of non-generic P2 practices and
firm-specific changes in operating procedures

off-the-shelf modifications in materials and

equipment

— Enhances P2 in industries with operations that are more
dependent on procedures and customized practices

Key Determinants of Toxic Releases

Impact stronger on on-site discharges than on off-site disposal
Both direct and declining indirect impact on future toxic releases

contemporaneous P2 and earlier lags of P2 and toxic releases
regulatory and other locational pressures

Summary of Findings

Research Question 4

What is the impact of P2 adoption on toxic
releases?
To what extent are toxic releases affected
by past activities, current regulatory and
public pressures?

Simulated Impact of a P2 Shock on Toxic Releases

Percentage Reduction in Toxic Releases Due to P2

—— One Time 1% Increase in P2 —— Permanent 19 Increase in P2

Percentage Reduction in On-Site and Off-Site
, Releases Due to One-Time 1% Increase in P2

Percentage Reduction in On-Site and Off-Site Releases Due to
Permanent 1% Increase in P2

0.00 — T T 1 | [ [ |
(MZ//ASE78910 GDIN\234567&9
001
=002
0.02 =
003
=
003 20
——Onsite —Offsite
004 005 —Onsite —Offsite

Policy Needs to Promote Prevention of
Toxic Releases

— In the form of technical assistance: lower costs of
adoption
« By firms in certain industries (e.g. chemical and petroleum)
« For smaller, less technically innovative firms

— Targeted regulatory threat towards toxic pollutants (e.g
HAP regulations)

— To stimulate public and regulatory pressure for reduction




Conclusions

— Adoption of P2 and current policies for toxic release reduction
may not lead to large reductions in toxic releases

— Doubling of P2 adoption would reduce releases by 4%

— Need for regulatory, flexible stimulus to supplement voluntary
incentives for adopting P2 and reducing toxic releases

— Type of P2 that are more environmentally effective
— Effectiveness of P2 at chemical specific level
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The Bigger Picture

Certified Environmental Management Standards:
An Institution for Removing Information Asymmetries in « Project focuses on exploring environmental
i ? A
the Market for Corporate Environmental Performance? certified management standards (CMS).

» “EMAS with certification: 1ISO 14001”

Ann Terlaak

Wisconsin School of Business * Previous research suggests that the use of
Madison, Wisconsin CMS is influenced by information

asymmetries.
e Application of Spence’s signaling ideas to the analysis

NCER STAR Workshop of CMS.
January 14t 2008
The Bigger Picture - cont’ Original Research Effort

* BUT... data on CMS adoption doesn’t entirely
cooperate with a simple signaling story.

o _ The Signaling Story that Wasn’t

» Lower performing firms select into
certification (King et al, 2002) and certified
firms do not have better performance (Andrews

etal, 2001).
Disturbances in the Simple Signaling Notion Two (Plus One) Revised Research Efforts
+ Different signaling equilibriums in different « 1) Conceptual study on the power and limitations of
industries CMS to guide environmentally responsible firm
« Certified firms have environmental performance that behaviors.

systematically varies across industries
* Too-cool-for-school effect o i
 2) Empirical study on how corporate strategic

« Endogeneity of environmental performance behaviors shape adoption patterns and use of CMS
« CMS prescribes best practices that may affect firm
environmental performance « Plus One) Studies exploring how cross-firm

» Such endogeneity manageable if performance effects are
systematic across firms/industries
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observations influence adoption behaviors

Ann Terlaak, Bren School UC Santa Barbara
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Revised Research Effort 1

Background

The “Can-do Can’t-do” Project

Terlaak, A. (2007)"Order without Law: The Role of Certified
Management Standards in Shaping Socially Desired Firm
Behaviors". Academy of Management Review, 32(3): 968-985.

e Compare design of CMS to the design of other

institutions that guide firm environmental behavior.
* CMS (ISO 14001), Industry Programs (Responsible Care), laws, norms

 Lack of legal backdrop and decentralized enforcement
distinguish CMS from industry programs and laws, and
make them most similar to norms.

* When compared to norms, two elements — codification
and certification of practices — enable and constrain
CMS in guiding desirable firm behaviors.

Enabling Effects of Codification & Certification

Constraining Effects of Codification & Certification

Codification and certification enable CMS to
shape firm activities more effectively than
norms

» when consensus about activities is incomplete
e emerging management areas and cross-cultural transactions

» when behaviors are difficult to observe
* practices that are physically removed from transacting parties
and that do not manifest in product/service attributes

Codification and certification limit the ability of
CMS to shape firm activities as

« codification of practices attracts poor performers
« certification of practices attracts good performers

-> Codification causes failure in the sorting effect of
certification. Both poor and good performers adopt. This
causes inconsistencies and weakens the decentralized
enforcement processes from which CMS derive their power.

Implications for Policy Makers

Revised Research Effort IT

« Design matters! Although codification and certification
may broaden the applicability of CMS, they may reduce
CMS’s effectiveness in guiding firm behaviors by
weakening enforcement processes

* Improvement tool and signal of superior performance
exclusive endeavors?

» What does that mean for future CMS (1SO 14001s)?

» Remove the certification element and return to EMAS
» Encourage involvement of industry bodies and allow for
differing cross-industry uses/interpretations of CMS

How Corporate Social Strategy
Shapes Adoption Patterns

Terlaak, A. (2007) “Satisficing Signaling: Corporate Social Strategy and
Certified Management Standards. Best Paper Proceedings, Academy of
Management Annual Conference.

Ann Terlaak, Bren School UC Santa Barbara
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The Findings in a Nutshell

The Story Behind

 Facilities that perform poorly relative to
industry peers certify with 1SO 14001.

e However, these facilities
« are better performers when compared
to other facilities within the firm.
« operate in relatively cleaner industries
* have prior experience with CMS

« Stakeholders exert adoption pressures on firms that own
poor performing facilities (Eesley & Lenox, 2006)

* For the firm, the returns to adopting and certifying social
CMS practices are debatable
 Operational benefits are conditional (e.g., King & Lenox, 2002;
Russo & Fouts, 1997)
« Market benefits depend on WTP which may be below costs of
producing environmental protection

 Adoption & certification costs, in contrast, are concrete.

The Story Behind — cont’

Data & Model

 Corporate HQ chooses which facility to certify
(Darnall, 2003)

 Faced with uncertain payoffs, HQ will choose
better performing facility to be certified in an
effort to lower adoption costs (maximize net
benefits).

» Sample draws on and extends dataset built under
past NCER STAR grant by A. King et al.

» 5,215 U.S. manufacturing facilities that are part of multi-
plant firms

» Timeframe: 1995 - 2002.

« Discrete-time random-effect logistic model to predict
facility certification with 1ISO 14001 in t+1 given a set of
independent variables and control variables in t (Cox
regressions for robustness checks).

Data & Model — cont’

Results

¢ Independent Variables:
« Facility environmental performance relative to
(i) industry peers and (ii) other firm facilities
« Emissions of industry of each facility relative
to industry emissions of other firm facilities
« Prior facility experience with CMS

» Control Variables: information asymmetries,
regulatory stringency, supply chain pressures, size,
etc.

Facilities that are poor performers when
compared to industry peers are more likely to
select into certification with 1SO 14001.

But these facilities

« are above average performers within the firm
 operate in relatively cleaner industries
 have prior experience with CMS

Ann Terlaak, Bren School UC Santa Barbara
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Introducing ISO 9000 into the Mix

Implications for Policy Makers

« Notion is to validate story behind these results by
comparing inter-firm adoption patterns of ISO
14001 with adoption patterns of ISO 9000 (which
produces more of a private good)

« When predicting adoption of 1SO 9000, better firm
performers more prone to adopt

» When predicting adoption of 1SO 9000, versus 1SO
14001, poorer firm performers adopt 1SO 9000,
and better firm performers adopt 14001

CMS once more stuck in the middle: It is not a reliable
signal of superior environmental performance, and also
only an ineffective improvement tool if it isn’t adopted
by those that most urgently need to improve.

Remove certification element so as to focus CMS on
potential operational benefits & facilitate those?

Retain certification element and subsidize a market
premium that (ideally) is proportional to
improvements? (difficult to design and implement!)

CMS in their current form not suitable as a stand alone
instrument in the regulatory toolbox.

“Plus One” Research Effort

Get the Underdogs to Participate!

How Vicarious Learning
Influences Adoption Behaviors

Terlaak, A. & Gong, Y. (2008) “Vicarious learning and inferential accuracy in
adoption processes”. Accepted for publication at Academy of Management
Review.

Terlaak, A. & King, A. (2007) “Follow the Small? Information-Based
Adoption Bandwagons when Profitability Expectations are Related to Size”.
Strategic Management Journal, 28: 1167-1185.

Firm adoption propensities can be most strongly influenced by
previous adopters that benefit less from adoption/that are less
prestigious.

For policymakers, targeting the GEs, DuPonts, and HPs of the
world as flagship adopters may create publicity for a voluntary
standard/program yet can discourage further adoption by the
average firm.

Pursuing a two-sided strategy that also targets average and
below average performers may lead to a broader/quicker
uptake of new programs.

Summary

Future Research Efforts

The current design of CMS like 1SO 14001 has encouraged
multiple (and often conflicting) uses and interpretations of what
CMS can and cannot do.

» Because essential to CMS seems the codification of best practices
(an improvement element), certification may at best be
meaningless (and at worst confusing) because the magnitude of
improvements varies widely.

« Certification as a signal of willingness to improve?
¢ Certification as a signal of improvement?
¢ Certification as a signal of superior performance?

* Separate certification program from improvement program

Incorporate PCS data (Permit Compliance System) to
triangulate environmental performance measure.

Perform comparative studies with ISO 9000 to explore
further the degree to which the public good nature of
environmental protection inhibits the functioning of
environmental CMS.

Ann Terlaak, Bren School UC Santa Barbara
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Detailed Results

Variables

Full Model

Facility Environmental Perf.
Cleaner Firm Performer
In Cleaner Industry
1SO 9000 Certification
R&D Intensity

Export

Auto Supplier
Regulatory Stringency
Industry Certification
Relative Facility Size
Firm Size

Publicly Held

EMS Practices

Year Fixed Effects
Industry Fixed Effects

-0.168**
0.292*
0.267*
0.464**
10.215*
-0.208
24.772**
3.456
-0.034
0.381**
0.001*
-0.312*
0.410**
Incl.
Incl

Ann Terlaak, Bren School UC Santa Barbara
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Evaluating Voluntary Programs in the
United States+

Dick Morgenstern, Billy Pizer, and
Jhih-Shyang Shih
November 28, 2007

ﬁﬁ RESOURCES

Voluntary Climate Programs:
Climate Wise

e Established 1993; continued until 2000. Focus on
non-utility industrial sector.

e Required baseline emission estimate (but not
inventory).

e Required to identify mitigation actions, goal for
2000.

e Report activities via 1605(b).
e Gained technical assistance; annual workshop.

Q RESOURCES

Voluntary Climate Programs: 1605(b)

Established under EPACT 1992; began 1994.
Required reporting of emission reductions, with flexibility
over
= Whether entity or project
= Reference year or hypothetical reference
= Absolute or intensity reductions
e Open to any individual or business; dominated by electric
power industry
o Important benefits (EIA, 2002):
= Teach corporations how to estimate emissions and mitigation options
= Sharing experience concerning mitigation activities
= Evidence for evaluating other voluntary programs
= [lluminate accounting issues related to future emission regulation

ﬁﬁ RESOURCES

Participation in Programs
(raw / not linked to LRD)

Join year 1605(b) ClimateWise
1994 43 8
1995 105 37
1996 37 179
1997 26 138
1998 17 106
1999 61 89
2000 35 144
2001 59

Subtotal 383 671

ﬁﬁ RESOURCES

Key Challenges

e Measuring outcome

= Need data on emission outcomes before and
after policy, for both participants and non-
participants.

e Addressing selection

= Participants and non-participants may not look
the same and/or participation may depend on
various characteristics unrelated to the
program but correlated with outcome.

C‘-”I RESOURCES

Proposed Solutions

e Use Census data on energy use
(expenditures on fuel and electricity) to
proxy for emissions. Awvailable for both
participants and non-participants; requires
working at Census Bureau to access
confidential data and link to participation
information.

o Address selection through two alternative
models.

C‘-”I RESOURCES
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Selection Problem and Solutions
Yo =f (xi,t)+ g (xi,t)Di,t Ui

it

e Y is emissions / energy use; D is participation; X are
covariates (location, industry, size).

e g(X;,) measures program effect on outcome.

o Potential problems

1. pcorrelated with D.
2. miss-specification of f and g.

e Solutions

= Structural model of selection and correlation with 4 (Heckman-
Hotz). Requires excluded variable predicting selection and not
outcome.

= Propensity score matching.

Q RESOURCES

Heckman-Hotz

e Consider joint estimation of selection model and
outcome model:
D:t =0-Z; +Vi,
Yie = f (Xi,t)+ g (Xi,t) Dy +Uiy

e Here, (u;,Vv;,) are jointly normal, Z; , includes at
least one additional variable than X;,, and D; " is a
continuous latent variable, with D; = 1 when
D;>0.

o Estimate selection model using probit; insert
additional regressor in outcome model,

E[ui¢| vid=MDiy Zip)

RESDURCES

Problems with Heckman-Hotz

Table 1: EPA Climate Wise program, effect of program on logged cost of
electricity after 2 years, Heckman-Hotz approach

Cohort w/o correction  with correction  sample participants
1994 0.06 (0.02)* 0.60 (0.09)* 19627 809

1995 0.04 (0.04) -0.16 (0.14) 34880 335

1996 0.02 (0.03) 0.36 (0.21) 31253 656

1997 -0.02 (0.03) -0.29 (0.18) 17534 835

1998 0.01 (0.02) -0.75 (0.16)* 30693 1063

1999 0.05 (0.12) -1.42 (0.71)* 33971 26

e Program effects on energy costs are +100%.

e Excluded variables (membership in advocacy
organization & distance to EPA regional office)
are not effective at predicting participation.

ﬁﬁ RESOURCES

Propensity Score Matching

o Estimate participation model and predict
propensity to join for each plant in each year.

e Consider each participating plant; find non-

participating plant with closest propensity value

(nearest neighbor) in the join year.

Sample without replacement.

Estimate separate selection model for each horizon

(1, 2, and 3 years) where program effects are

computed.

ﬁﬁ RESOURCES

Participation Model

Puie NTVS, 1+ Boee NEE,  + By, INCR
probability of joining in year t +[all quadratic combinations of size, elec, fuels]
A A - =h(t)exp
(assuming plant i has not yet joined) +Buoun (INTVS, ., ~INTVS, ;)

+Zmdusmes|ﬂll(M\ = j)+Zvegmnk ﬂkl(Gw = k)

o Cox proportional hazard model of probability of plant i
choosing to join in year t.

o includes lagged total value of shipments (TVS), electricity
expenditures (EE), cost of fuels (CF), plus linear and
quadratic terms, interactions

o future growth rate in shipments ( h = 1-, 2-, or 3- year lead
vs. 1 year lag).

o includes census region G (9 values) and industry M (2-
digit) dummy variables.

C‘-”I RESOURCES

Model of Program Effects Using Pairwise
Matched Participants / Controls

Y

control i,t-1 )

AY. = Zi,t (Ypanicipam it+s _Ypanicipam i.tfl) - (Ycumrol ites

s z 1 participant i joined in t
it~\and observed int+s and t-1

* Yy;.is the relevant variable (total value of
shipments, fuel and electricity expenditure) in pair
i attimet.

e AY,is the average program effect after s years
relative to the year before the joinyear (for output,
fuel and electricity expenditures)

C‘-”I RESOURCES
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Propensity Score Results
(median estimates with all controls)

Effect of program participation on energy expenditures
(fractional change)

1605(b) ClimateWise

Fuel Electricity Fuel Electricity
1-year effect 0.02 -0.04* -0.01 0.00

(0.03) (0.02) (0.03) (0.01)
2-year effect 0.03 -0.03 0.03 0.02

(0.03) (0.02) (0.03) (0.02)
3-year effect -0.05 -0.05* -0.01 -0.01

(0.06) (0.03) (0.03) (0.02)

o Effects are no more than 5% with most general
specification. Zero for ClimateWise.

o Other specifications lead to a wider range of median
estimates from —8% to +5% (positive effect is transitory)

m RESOURCES
= pon TRE PUTURE

1605(b) Effect on Fuel
(with 95% confidence interval)
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What are “voluntary programs”?
Why do we care?

o Types of programs
= Unilateral agreements
= Public voluntary programs
= Negotiated agreements
o Varied and expanding use
= 87 EPA programs, 1.6% operating budget
= Dozens more in states, other federal agencies
= Hundreds of VP/VAs in Europe
= Thousands in Japan
e BUT, do voluntary programs deliver significant environmental
gains relative to a realistic baseline, i.e., do they change
behavior?
= If so, how large are the gains?
= Do results differ for toxics vs energy programs?
= What else affects program impact?

Q RESOURCES

Motivation

o Business
= Get ‘hands on’ experience

= Enhance reputation with customers, government, investors, communities,
etc.

= Benefit from government-provided technical assistance.

= Help shape future requirements; improve relationship with regulators
e Government

= Get ‘hands on’ experience in the absence of regulatory mandate

= Experiment with more holistic approaches vs traditional regulation

= Build public support for future action

= Build bridges to industry, e.g., via technical assistance
o Environmental groups (mixed reaction)

= Some applaud VVP’s as means to build support in public, industry

= Some fear regulatory capture, distraction from real work of
environmental protection, shift in focus from worst polluters to more
progressive firms

Table 1-1: Selected Characteristics of Case Studies

Program Author(s) Years of Energy, CO2 | Industry or Program Type
Operation (GHGs), or Household
Toxics
33/50 (US) Khanna 1991-1996 Toxics Industry Public
Voluntary
Program
Japanese Wakabayashi and | 1997- co2 Industry Negotiated
Keidanren Sugiyama agreement
UK Climate Glachant and 2001- co2 Industry Negotiated
Change Muizon agreement
Agreements
Danish Energy Krarup and 1996- co2 Industry Negotiated
Efficiency Millock agreement
Agreements
German Cement Bohringer and 1995 co2 Industry Unilateral
Industry Frondel agreement
Climate Wise (US) | Morgenstern, 1993-2000 GHGs Industry Public
Pizer and Shih Voluntary
Program
California Demand | Sanstad Early-mid Energy Household Public
Side Management 1990s Voluntary
Program

33/50 Program

e Followed development of TRI

e Focus on measurable reductions (33%, 50%) for 17
TRI chemicals in major industries (1991)

e Actual reductions clearly exceeded goals

e Sophisticated studies find program reduced
emissions, controlling for self-selection, especially
for larger firms

o Partly attributable to fear of regulations

e Some evidence suggests no/negative gains beyond
Montreal Protocol substances

ﬁﬁ RESOURCES

Keidanren Voluntary Action Plan

Involves large firms representing 80% of industrial,
electric emissions (almost half of Japan’s total
emissions) (1997)

o Targets negotiated for sectors, not firms
e So far, emissions below target levels

o Reductions attributed to industry, gov’t cooperation,
fear of regulation, firms’ social awareness

e Questions about BAU estimates, stringency of goals
o Is program really voluntary?

C‘-”I RESOURCES

UK Climate Change Agreements

CCA:s part of tax ($9-18/ton of CO,), and
emissions trading policies (2001)

Intensity or fixed targets negotiated with gov’t
Covering 12,000 sites = 44% UK emissions
80% rebates of levy for meeting CCA goals
Goals exceeded (based on observed permit
prices), although stringency in question

Overall, authors find that CCAs make small
contribution

C‘-”I RESOURCES
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Denmark’s Energy Efficiency
Agreements

e VAs part of policy package involving CO, taxes
($18/ton) on industry (1996)

¢ Negotiated agreements based on audits, adoption
of energy efficiency measures. No quantitative
targets

e 100% tax rebates for participants
e Audit eventually dropped

e Using data from 60 firms, authors find some
reductions in early years, although quite modest
reductions overall

£ nesounces

Q RESOURCES,

German Cement Industry

e Unilateral commitment by major sectors (not
firms) for 20% cuts below 1987 levels by 2005;
case focuses on cement industry (1995)

e By 2000 most goals met; target raised to 28%
reduction

e Trend regression used to establish baseline using
historical data

o Actual emissions same as forecast BAU (+/- 5%)

e Authors recommend firm specific targets;
negotiated instead of unilaterally set

TRCES

Climate Wise

e EPA program involving negotiated agreements
with 600+ firms (1993)

e Emissions based program; TA, other incentives
offered for joining

e Comparisons with matched set of non-participants
used to determine what would have happened
anyway

o Authors find modest differences in fuel (-) and
electricity (+) use in early years; no significant
differences later on

ﬁﬁ RESOURCES

Residential DSM in California

o Ultilities started providing free technical
information to single family houses in 1970s

o Two of three evaluations indicate savings ‘that
would not have occurred without programs’

e One study finds changed maintenance and
other practices more important than use of new
equipment

e Some evidence that provision of information
by authoritative source is key

ﬁﬁ RESOURCES

Table 9-1: Quantitative comparison of the effect of voluntary programs on

behavior
Quantity Estimated Scope Baseline | Comment
measured Effect
33/50 Program Aggregate toxic 28% Participating Non- Effect reversed when ODS
releases chemicals participants excluded.
facilities with self-
selection
model
UK Climate GHG emissions 9% Participating | Negotiated Baseline criticized;
Agreements industries forecast considerable over-achievement.
Danish Energy Energy Use 4-8% Participating Estimate based on 60
Efficiency facilities participants participants.
Agreements
German Cement Energy per unit of 0 German Econometric Baseline error band is +/- 5%.
Industry GWP cement cement forecast using | 2005 target achieved by 2000.
Declaration industry historic
performance
Japanese CO, emissions 5% Participating | Keidanren Basis of BAU estimate unclear.
Keidanren industries forecast of
2010 BAU
Climate Wise Fossil energy 3% Participating | Matched non- | Electricity expenditures
expenditures facilities participants estimated to rise 6%. Margin of
error is +/- 5% and both effects
vanish after 1-2 years.
California Natural gas & 2-4% Participating | Non- Covers three programs; some
Demand Side electricity demand more carefully
Management matched non-participants /
controlled for self-selection

Conclusions

Hard to reject conclusion of 5% reduction for energy programs,
+/-5%. Thus, evidence that \VPs do change behavior, but not
suitable for major reductions

Significant differences exist between energy and toxics, although
clear limitation on toxics as well

Incentives have modest impact on reductions achieved among
participants, potentially larger impact on level of participation
Efforts to increase program breadth (i.e., many participants) may
yield greater environmental gain than efforts to increase depth
(big cuts in emissions for individual firms) (broad vs deep)

More attention needed on baselines for evaluation, including both
forecasts and control group approaches

Subtle changes in social attitudes and corporate practices may be
significant but are difficult to measure

C‘-”I RESOURCES
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Voluntary agreements to improve
environmental quality:
Are late joiners the free riders?

ELEUNDE T
University of California, Santa Barbara

Maria J. Montes-Sancho
University Carlos Ill, Madrid

i

Climate Challenge
1995-2000

e US DOE & Electric utility industry

e Firms committed to
— Reduce, avoid or sequester greenhouse gas emissions
— Report annually their achievement and activities
« Potential benefits
— an effective voluntary effort may negate the need for
legislation or regulation”

— “emission reductions could possibly be used for
‘credit’ against future mandatory requirements.”

Symbolic vs Substantive
cooperation

Symbolic cooperation:
“ceremonial conformity”
decoupling of participation
t  with actual performance
| improvement:
Participation : no environmental
|
|
|

In voluntary performance improvement
agreement

Substantive cooperation
Change in environmental
performance after
participation in VA

Non Participation in
voluntary agreement

Voluntary agreements to improve
environmental quality (VAS)

e Engage firms and regulatory agencies to
improve environmental performance

e Associate private benefits with the
voluntary provision of public good
— Enhance firm reputation
— Technical assistance
— Help prevent regulations

e 300 VAs in Europe, 200 in the US

e Examples: Wastewise, Climate Challenge...

2

VAs and the collective action problem

« |In VAs benefits are available to all

regardless of their personal contributions

e Free riding might be particularly salient in

VAs because most of them lack explicit
penalties to sanction free riders.

» Reservations about VAs' effectiveness:

— firms may pursue these collaborative strategies
as merely symbolic actions ...

Research question

« Since most of these VAs lack explicit measures
to sanctions firms that are only undertaking
symbolic action, how can these programs
effectively encourage cooperation?

* Why and when will firms provide public goods
within VAs?

e Under what conditions will a firm undertake
substantive cooperation within a VA and how will

this vary over time? )
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Our main thesis

¢ Incentives/private benefits of participation
vary over time and are shaped by the
institutional environment

* There is a difference in cooperative
behavior between early and late entrants
within the VA because private incentives
vary with the timing of joining collective
action

Climate Change political context

e Regulatory Threat?

— Climate Change Action Plan (CCAP), where President Clinton
announced the nation's commitment to reducing U.S. emissions of
greenhouse gases to their 1990 levels by the year 2000.

* Incentives outlined by DOE

— Regulatory benefits: “an effective voluntary effort may negate the
need for legislation or regulation” or that “emission reductions could
possibly be used for ‘credit’ against future mandatory
requirements.”

e Industry position
— Tom Kuhn, president of the Edison Electric Institute (1996) :

“Our industry has demonstrated that a vigorous, voluntary approach
toward curbing greenhouse gas emissions is the way to go. We will
continue to put these programs in place while opposing government
and international mandates that would cost the U.S. economy
thousands of jobs. Utilities have met the challenge and are
continuing their leadership role in working with the government to
find creative and effective ways to improve the environment.” 9

H2 Links with the industry
association

= Trade associations play an important
role in facilitating collective action
— Information
—Normative pressure
HZ2. Early participants in the Climate
Challenge Program are more likely to be
members of the industry trade association
than late joiners and non-participants

Empirical issues associated with
studying effectiveness

Need to be able to control participants with a
group of non-participants

Need to evaluate environmental performance,
often limited environmental performance data
available

Need to obtain longitudinal data to study
evolution over time

In our study we have information on
environmental performance for participants and
non participants and information over time

H1 Political pressure

* Firms’ participation as a signal of “good intention,”
resulting in a potential future reduction of their
level of enforcement

Firms subjected to a higher level of political and
regulatory pressure have more incentives to enroll
in a VA and to do it early if its individual benefits
outweigh the costs of organizing the collective
effort

H1. Early participants in the Climate Challenge Program are
subjected to higher political pressure than late joiners and

non-participants
10

H3 Firm's past environmental effort

« If a firm has already been successful at
reducing its emissions, it is more likely to
join the program early (to get credit for its
efforts).

H3. Late joiners of the Climate Challenge
Program are less likely than late joiners and
non-participants to have undertaken efforts to
reduce their emissions prior to the start of the
program




-
4
Ll
>3
-
O
@
Q
L
=
-
L
O
ol
J
<
Q.
Ll
2
-

H4 Substantive vs Symbolic
collaboration

* Because of these different incentives and
pressures:

H4. Late joiners are more likely to cooperate

symbolically while early joiners are more likely to

cooperate substantively within the Climate
Challenge Program.

Empirical challenges

Decision to participate in the program is likely to
be influenced by the same observed and
unobserved factors that determine emissions

Two-stage estimation model that determines
simultaneously the outcome of the program
participation (here CO2 emission rate) and the
determinants of a firm’s participation decision

In the first stage, we wanted to predict not only
the probability of participation in the VA, but
also to differentiate early and late joiners

Stage 2: performance evaluation

In the second stage, we used the
predicted values of the different types of
participation to test whether they explain
reductions in emissions.

ChangdnCO2rate= (

CO2emissions) ( CO2emissiong
Generatiop Generatiopy

Sample & Data

Sample: 133 Investor-owned US utilities

61% of US generation & 75% of CO2 emissions
emitted by the electricity sector. [Years 1995-2000]

82 firms participate in CCP
Data came from several public sources
FERC Form 1, on which utilities report “everything”.

U.S. Environmental Protection Agency (EPA), Clean Air
Market programs website.

U.S. Department of Energy, Climate Challenge website.

League of Conservation Voters, Sierra Club, DSIRE,
etc.

Stage 1: participation in program

« In the first stage, we use a multinomial
logit model to predict the type of
participant as a categorical variable
representing three groups:

— (i) non-participant

— (ii) late joiner

— (iii) early joiner (member of the initial meeting
of the program in 1995)

Independent variables

H1 Political

pressure League of Conservation Voters (LCV) :

Environmental Scores of the members of the US House
Representatives and Senate (0-100)

Regulatory Expenses

Annual amount of regulatory expenses paid by the firm
H2 Trade Trade association membership (Edison Electric
association Institute)

H3 Environmental effort: Expenses that a firm spends for
Environmental | environmental purposes. Source FERC
effort
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Controls

Productive | Annual Productive Efficiency Index (0-1) using DEA:

efficiency Output Factors: Low (residential+commercial), industrial, sales
for resale. Input Factors: Labor cost, Plant Value, Production
expenses, Transmission Expenses, Distribution expenses,
Sales Expenses, Administrative Expenses, Purchases in Mwh.
Source FERC

e onmental employees from Ei
uncil of the States (ECOS)
employees
Sierra Club | Number of paying membership of Sierra Club per 1000 state
residentsSierra Club
State’s toxic emissions / land area
dirtiness

Dependent variable: Changes in CO, rates (CO, = Random
rate - CO, rate ;) GSL

Probability of Participation -

Probability of Participation
(late joiners)

Probability of Participation
(early joiners)

Change in percentage of gen from fossil fuel
Change in the number of operating plants
Environmental Effort

Year of installations (average)

Merger process with electric utility

Merger process with gas utility

Information disclosure

Renewable standard portfolio

Observations

R-squared

Conclusion

e Our research identifies conditions that trigger
different types of collaborative behavior

— Symbolic and substantive collaboration within VA, and
non-participation in the VA

— Non-participants were significantly different from
symbolic participants

e Our findings also challenges some of the findings
of previous literature
— that found a positive link between the quality of early
adopters and subsequent adoption
— Here the quality of early adopters does not guaranty
the quality of late joiners

Dependent variable Late joiners Early Joiners  Early Joiners

Reference group Non- Non- Late Joiners
participants participants

Regulatory expenses
League of Conserv Voters
State’s envir employees
Sierra Club

State’s pollution

Trade association’s member
Productive efficiency
Environmental effort

% of generation from fossil fuel -
Visibility / Big player
Number of subsidiaries
Observations

% correctly classified

Findings

Firms were more likely to enter the program early if they
experienced a a higher level of political pressure,
were part of the trade association
were more visible,
more efficient,
and had already undertaken environmental efforts...

Symbolic collaboration was more likely with later entrants
than with early entrants.

Late entrants free rode on the efforts of early joiners

Late joiners that engaged only in symbolic collaboration
could potentially endanger the overall effectiveness of the
VA

Policy implications

— VAs might not be an effective tool if it they
are associated with no sanctions for free
riders

— Importance of political pressure to push for
reductions

— However, would VAs with sanctions attracts
firms to participate?

— VAs with various incentives according to
various levels of performance?
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What Drives Participation in State
Voluntary Cleanup Programs?
Evidence From Oregon

Allen Blackman, Resources for the Future
Thomas Lyon, University of Michigan
Kris Wernstedt, Virginia Tech.
Sarah Darley, Resources for the Future

EPA-NCER Workshop on
Environmental Behavior and Decision-Making
New York, NY
January 14-15, 2008

Outline

Introduction

Literature

Oregon’s cleanup programs
Analytical framework

Data and variables
Econometric model

Results

Conclusion

" J
Introduction

m 1980: Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA)
m Today: over 100,000 contaminated sites still not
remediated
Liability concerns
Limited regulatory resources
m Nearly all states have established voluntary cleanup
program (VCPs) to provide incentives for remediation
Liability relief
Variable cleanup standards
Regulatory flexibility
Financial incentives

m Today: over 20,000 sites participating in VCPs

" JEE
What drives participation in VCPs?

m Very little rigorous research
m Lack of data on non-participating sites needed to
construct a control group
Such sites often “mothballed”
u Alberini (2007)
Focuses on Colorado’s VCP
Uses CERCLIS to construct a control group

Finds VCP mainly attracts sites not listed in CERCLIS with
little contamination and high development potential

Alberini (2007)

“... these findings cast doubt on whether the
[Colorado] VCP is truly attaining its original cleanup
and environmental remediation goals and hints at the
possibility that participation might be driven
exclusively by the desire to rid the parcel of any
stigma associated with the current or previous use of
land (or to prevent such an effect with future buyers).”

Our study

= Oregon
Has a robust VCP
Maintains a registry of known contaminated sites (ECSI)
including those NOT participating in VCP

m Main findings
VCP does attract sites with significant contamination
A key driver of participation is publicly “listing” sites with
significant confirmed contamination

Hence, Oregon has been able to spur voluntary remediation
through public disclosure
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"
Literature: drivers of participation in

voluntary environmental public programs

= Regulatory pressure

Theory (Segerson & Miceli 1998, Maxwell, Lyon & Hackett
2000)

Evidence: firms named as superfund responsible parties and
firms out of compliance with RCRA and CAA more likely to
join EPA’s 33/50 program (Khanna & Damon 1999, Videras
& Alberini 2000, Sam & Innes 2006, Vidovic & Khanna 2007)
Evidence: firms that join voluntary programs receive
preferential treatment from regulators (Cothran 1993, Decker
2003)

Literature: drivers of participation in
voluntary public programs (cont’'d)

m Market pressure
Theory (Arora & Gangopadhayay 1995)
Evidence: firms with higher advertising/sales ratios and more
direct contact with consumers more likely to participate in the
33/50, WasteWis$e & Green Lights programs (Arora & Cason
1996, Vidovic & Khanna 2007, Videras & Alberini 2000)

m Community and NGO pressure
Informal regulation (World Bank 2000)

m Transactions costs
Project XL (Blackman & Mazurek 2001)

" J
Literature: drivers of remediation

m (Alberini et al. 2005, Wernstedt, Meyer & Alberini
2006, Sherman 2003, Lange & McNeil 2004,
Schoenbaum 2002)

Liability relief
Subsidies

Regulatory relief

Level of contamination

Literature: public disclosure

m Does it improve environmental performance?
Toxic Release Inventory (Bui 2005, Greenstone 2003,
Koehler & Spengler 2007)
National valuation and ratings programs (Garcia et al. 2007,
Powers et al. 2008)
1996 SDA amendments requiring community drinking water
systems to publicly report violations (Bennear & Olmstead
2007)
Public reporting by electric utilities on fossil fuels use
(Delmas, Montes-Sancho & Shimshack 2007)
Public reporting of noncompliance in pulp and paper sector
in British Colombia (Foulon, Lanoie & Laplante 2002)

" JE
Oregon Department of Environmental
Quality (DEQ) Cleanup Programs

m Environmental Cleanup Site Information (ECSI) data
base
Known contaminated, potentially contaminated, formerly
contaminated sites
July 2006: 4,223 sites

m Confirmed Release List (CRL), a subset of ECSI

Sites where contamination is

= Confirmed

= Significant in quantity or hazard

= Not yet cleaned up
Formal listing/delisting process w/ public comment period
Listing subjects site manager to enhanced pressure from
regulators and other stakeholders (e.g., lenders)

Oregon DEQ Cleanup Programs (cont’d)

m Mandatory Site Response Program (10% of ECSI sites)
Mainly “high priority” sites
DEQ provides oversight and dictates remedial action
= Voluntary Cleanup Program (VCP) (27% ECSI sites)
Medium- and low-priority sites
Site manager & DEQ jointly develop a cleanup plan
Public comment periods
Upon successful completion of cleanup plan and public comment,
DEQ issues No Further Action (NFA) or Conditional NFA letter
Site manager must pay for DEQ time
Benefits (according to DEQ)
= Possible regulatory exemptions from permits
= Ability to redevelop part of site before cleanup complete
Risks (according to DEQ)
= Sites added to ECSI
= May be forced into Site Response Program
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" JEE
Oregon DEQ Cleanup Programs (cont’d)

m Independent Cleanup Pathway (ICP) (7% ECSI sites)
High-priority sites excluded
Less oversight than VCP

Site managers may independently conduct cleanup and then
request approval from DEQ

No waivers of DEQ permits

" JEE
Analytical Framework

m Managers join VCP/ICP if expected benefits > costs
Expected benefits of joining
= Avoided cost of future liability for cleanup from obtaining NFA
= Appreciation in property value from obtaining NFA
= Avoided costs imposed by community/NGOs
= Avoided additional (transactions and cleanup) costs of
mandatory SRP
Expected costs of joining
= Transactions costs (pecuniary & nonpecuniary)
= Cleanup costs
= For non-ECSI sites, costs associated with informing DEQ about
contamination
m These expected benefits & costs vary across sites

m We don't observe benefits & costs directly, but do
observe proxies

Regression samples

m Beginning with 4,223 ECSI sites, drop sites...
For which data is missing or inconsistent
Which are not eligible to participate
For which participation was not fully voluntary
m VCP sample
1680 sites of which 36% joined VCP
m |CP sample
1642 sites of which 9% joined ICP

Variables in Econometric Analysis

Varicble Description VP Sample
Al Parts. | Nonparts.
n=1680 n=613 n=1,067
DEPENDENT
ver Partcipant n Volunary Cleanup Program?* 0% |1 0
Perticipant n Independent Cleanup Patiway?* 0107|0109 | 0d06
INDEPENDENT
Regulatory activity
CRL On Confirmed Release List?* 255 423 159
CERCLIS in CERCLIS? 168 119 197
PERMIT Has DEQ permit* 168 19 150
E REGION In DEQ easten regon?* % 0wt [0
W_REGION In DEQ vester region?™ T |02 |08
NW_REGION In DEQ northwestemn region?* 366 440 323
Nelghborhood charactristics
HOUSEVAL Median house valt 1422371 | 1450684 | 1406105
TR_TIVE Med. ravel fime to work in {min) | 12809 | 131209 | 127588
Prior use
14 dummies Two-digt IC code categories

" J
Duration model
h(t, X, B) = (t, X, B)/(1 - F(t, X, B))
where

f = density gives pr(event at time t)
F = cumulative density

h(t) = ho(t)exp(X,'B)

where
hy(t) = baseline hazard rate

Advantages of duration model

= Controls for potential endogeneity of CRL and
PERMIT

m Controls for right censoring: sites may join VCP/ICP
after our panel ends
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Regression Results
(hazard ratios and S.E.s)

Variable Model 1 Model 2 Model 3
Dep. var. = VCP | Dep. var. = VCP | Dep. var. = ICP.
Regulatory activity
CRL 1.280%* 1021 0.743
(0.125) (0212) (0.167)
CERCLIS 1.024 1.026 1.455
(0.149) (0.150) (0.425)
PERMIT 1.303%* 1.310%* 0.956
(0.139) (0.139) (0.259)
W_REGION 1.122 1.126 3.240%**
(0.131) (0.132) (0.815)
NW_REGION 1.342%% 1.327%* 2577
(0.165) (0.165) (0.737)
Neighborhood characteristics
HOUSEVAL 1.000 1.000 1.000
(0.00000069) (0.0000074) (0.0000011)
TR_TIME 1.000* 000** 1.000
(0.000004) (0.0000048) (0.0000083)
Interaction terms
CRL_HOUSEVAL nla 1.000%* n/a
(0.0000012)
CRL_TR_TIME nla 1.000 nla
(0.0000075)
Prior use
13 dummies 13 significant 13 significant 4 significant
Number of observations 1,680 1,680 1,642
Log -3687.138 ~3685.5008 77185

= significant at 1% level
** significant at 5% level
* Significant at 10% level

" JEE
Results

= The probability of joining the VCP is significantly
greater for sites that are

Both on the Confirmed Release List and that are relatively
valuable

Permitted
In the northwest DEQ region
Relatively far from employment centers
In certain economic sectors
= The probability of joining the ICP is significantly
greater for sites that are
In the west or northwest DEQ region
In certain economic sectors

" JEE
Conclusions and policy implications

m Both VCP and ICP are attracting sites with significant
contamination
VCP: 42% of 613 participating sites “listed” in CRL
ICP: 25% of 155 participating sites “listed” in CRL
m Listing high-value sites increases probability of
joining VCP
By increasing regulatory & non-regulatory pressure and
therefore raising expected benefit of joining?
m Together, these 2 findings imply DEQ is able to spur
voluntary remediation via public disclosure (CRL)

A mechanism for encouraging voluntary remediation that has
received little attention

Presumably relatively inexpensive
Comports with literature on public disclosure

Thank you
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Should You Turn Yourself In?
The Consequences of
Self-Policing

Sarah L. Stafford
The College of William and Mary

“The Audit Policy is designed to provide incentives
for regulated entities to come into compliance with
the federal environmental laws and regulations.
These incentives are for regulated entities that
voluntarily discover, promptly disclose and
expeditiously correct noncompliance,

making formal EPA investigations and
enforcement actions unnecessary.”

EPA Website on Compliance Incentives and Auditing,
Accessed December 5, 2007

Theoretical Framework

When self-policing is added to a targeted
enforcement regime, disclosures provide
additional information that can be used to
move facilities between groups.

Also, to make the model consistent with

hazardous waste compliance, there are
both deliberate and inadvertent violations.

Self-Policing and the Audit Policy

Self-policing occurs when a regulated
entity voluntarily notifies authorities that it
has violated a regulation or law.

EPA encourages self-policing through the
Audit Policy.
No “gravity-based” penalties for disclosed
violations that meet the policy’s conditions.
EPA also will not recommend criminal
prosecution for such violations.

Theoretical Framework

Based on Harrington’s (1988)
Targeted Enforcement Model:

Facilities divided into groups based on
past compliance.

“Bad” facilities are targeted, i.e.,
inspected with higher probability than
facilities with good compliance records.

Facilities move between groups based
on inspection results.

Theoretical Framework

In the model, facilities have two choices to
make:
Whether to deliberately violate the regulations.
Whether to audit to discover inadvertent
violations.
The optimal strategy depends on the
facility’s cost of compliance, cost of
auditing, the probability of an inspection,
the fine for a violation, the fine for a
disclosure, and the transition probabilities.
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Theoretical Framework

A regulator can alter a facility’s optimal
strategy by changing inspection rates,
fines, or the transition probabilities.

Decreasing the fine for a disclosure leads to
more disclosures, and potentially more audits,
at facilities in the target group.

Increasing the transition probability for
facilities that disclose increases disclosures
and audits at facilities with poor compliance
records.

Empirical Analysis

Uses data on all facilities in the US subject
to hazardous waste regulations.

631,000 facilities according to RCRAINnfo.
Uses data on 2001 self-disclosures.

At least 1,158 facilities involved in disclosures,
325 subject to RCRA regulations.

Empirical Results — Facility Characteristics

Inspection Disclosure
Equation Equation

Large Quantity Generator

Small Quantity Generator
Conditionally Exempt Generator
Treatment, Storage, or Disposal Facility
Transporter

Other Permit

Theoretical Framework

However, if facilities that disclose are
rewarded with a lower probability of future
inspections, they may decrease the level
of deliberate compliance.

The leverage of the targeted enforcement
regime is reduced.

Empirical Analysis

Examines the effect that a 2001
disclosure has on probability that
facility is inspected in 2002.

Uses a bivariate probit regression, as
decision to disclose depends in part
on expected enforcement actions.

Model identified through exclusion
restriction (State Audit Immunity).

Empirical Results — Enforcement and
Compliance Variables

Inspection Disclosure
Equation Equation

Inspected in 2001 0.09

Five Year Inspection History 0.12**
Ignored
Violated in 2001 0.04
Newly Caught in 2001
Five Year Violation History

Good Compliance Record

Disclosure in 2001
Disclosure in 2001 x Good Comp. Record




Empirical Results — State Variables Empirical Results

nspection. | Disclosurs Disclosures affect the probability of
Equation Equation inspection_
State Audit Privilege -0.08** -0.04 .
State Audit Immunity The m_agnltuo!e of the effect depends on
State Self-Policing Policy 0,06+ compliance history, but the effect is always
State Inspections a reduction in the probability of inspection.
State Inspection Intensity oA Facilities with a high probability of
steteViolations Hor inspection are more likely to disclose.
State Regulated Facilities (in 100,000s) -0.58**

Policy Implications Policy Implications

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

The empirical analysis generally supports
the targeted enforcement model with self-
policing.

In the theoretical model, facilities may
increase auditing and abatement without
making disclosures, so we should not
evaluate the effectiveness of self-policing
solely based on disclosures.

Policy Implications

How significant is the potential for
strategic disclosures?

Disclosure rates in the regulated community
are currently low, but they are likely to
increase for many reasons.

Facilities may make tradeoffs between
self-policing and other forms of regulatory
compliance when disclosures affect future
enforcement.

If reduced penalties alone are not enough to
induce auditing and disclosure, decreased future
enforcement may be necessary to motivate self-
policing.

Regulators need to carefully weigh the benefits of
increased self-policing against the potential that
facilities may strategically disclose.

Policy Implications

Facilities with very low probabilities of
inspection do not disclose.

However, these facilities have the lowest level
of contact with regulators and thus are more
likely to inadvertently violate.

Regulators might want to focus outreach
efforts on such facilities or consider methods
for increasing the incentives for these facilities.




Green Production through
Competitive Testing

Erica Plambeck Terry Taylor
Stanford University U.C. Berkeley
Graduate School of Business Haas School of Business

LARGE MARKETS ARE RESTRICTING USE OF
HAZARDOUS SUBSTANCES (RoHS)
EU, China, California RoHS: illegal to sell electronics

containing lead, mercury, cadmium, brominated flame
retardants

Dutch authorities, acting on tip-off from competitor about
cadmium in a cable, halted sale of Sony Playstations;
Sony lost $110 million in revenue.

Should regulator rely on manufacturers for testing?

What is the impact of competitive testing on
« industry structure
* output
« profitability
« environmental impacts

MODEL — COURNOT OLIGOPOLY WITH MODEL — COURNOT OLIGOPOLY WITH
COMPLIANCE AND TESTING DECISIONS COMPLIANCE AND TESTING DECISIONS

(Shaked and Sutton 1982)

Manufacturer 1 with quality u; ‘\ Manufacturer 1 with quality u; "\
Manufacturer 2 with quality u, Market: Manufacturer 2 with quality u, } Market:
customer customer

° utility from , | utility from
° product i is product i is

Manufacturer n with quality u, - — - Vu-p Manufacturer n with quality U, g Vu;-p
chooses... quantity Q, +— where chooses... quantity Q, where
V~uniform(0,V) V~uniform(0,V)

Manufacturer N with quality Uy } Manufacturer N with quality uy |~

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=




-
<
L
=
-
O
o
(@
L
>
—
- -
o
x
<
<
o
L
2
=

MODEL — COURNOT OLIGOPOLY WITH

COMPLIANCE AND TESTING DECISIONS
 Regulator D
v

Manufacturer 1 with quality u;
Manufacturer 2 with quality u,

Manufacturer n with
chooses...

Manufacturer N with quality uy

MODEL — COURNOT OLIGOPOLY WITH
COMPLIANCE AND TESTING DECISIONS

/—\\
less effective in testing
Manufacturer 1 with quality u; ae (0,1]
more poorly informed of compliance cost
0[c(e,)Q +F(e)]
manufacturers know realization of r.v.
regulator only knows distribution

Manufacturer 2 with quality u,

Manufacturer n with quality u,
chooses... quantity Q, Manufacturer n sells

Q _ [0 w.p. (l_en) o (atRn +E|:n tm)
! IQ,, otherwise

. - N . X
Manufacturer N with quality Uy atprice p, =V (un -z i=1 mm(un Ui )QI )

REGULATOR SHOULD RELY ON COMPETITIVE
TESTING WHEN ENVIRON. COST IS MODERATE

Analytical Result:

Regulator maximizes expected social welfare by...
not I imposing RoHS
imposing and relying on
RoHS competitive testing

imposing RoHS
and directly
testing

|

|

|

|

X environmental
cost parameter X

[
[
[
X

MODEL — COURNOT OLIGOPOLY WITH
COMPLIANCE AND TESTING DECISIONS

less effective in testing
Manufacturer 1 with quality u; ae (0,1]
Manufacturer 2 with quality u,

Manufactul
chooses... Manufacturer n sells

Q"n _ JO W.p. (1_en) d(atRn +Zi:n tin)

N \[Qn otherwise

. - N . <
Manufacturer N with quality uy atprice p, =V (Un -z i=1 mm(un,u,)Q, )

MODEL — COURNOT OLIGOPOLY WITH
COMPLIANCE AND TESTING DECISIONS

N
Manufacturer 1 with quality u; Begln by fOCUSlng on
t Manufacturer 2 with quality u,

compliance and testing
(quantity/capacity fixed)
: « symmetric firms and
Manufacturer n with quality u,, equi“bria
chooses... quantity Q, i
Results extend (numerically)
B to setting with endogenous

- capacity and entry decisions

Manufacturer N with quality uy

Environmental costis x =, (1-¢€,)Q,

« short run equilibrium in

REGULATOR SHOULD RELY ON COMPETITIVE
TESTING WHEN ENVIRON. COST IS MODERATE

Analytical Result:

Regulator maximizes expected social welfare by...
not | imposing RoHS
imposing and relying on
RoHS competitive testing

imposing RoHS
and directly
testing

I
I I
| :
X X environmental
cost parameter X
Numerical Results:
Relying on competitive testing is attractive ( X/ X is large) when...

* Number of firms is small . .
compliance high under

+ Testing is effective competitive testing alone

» Compliance cost is low

* Regulator is highly uncertain of . L
9 onty } regulator ineffective in

compliance cost and less effective encouraging compliance

in detecting noncompliance
Range of environmental cost where relying on competitive testing is
optimal is “large” (in study X /X averaged 2.5)




FIRMS MAY BENEFIT BY REGULATION FIRMS MAY BENEFIT BY REGULATION
Numerical Result: Numerical Result:
For some parameters For some parameters

mfg. expected profit mfg. expected profit mfg. expected profit mfg. expected profit mfg. expected profit mfg. expected profit
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without RoHS < with RoHS and only < with RoHS and
competitive testing regulator testing

Intuition:

Negative Impact of may be Positive Impact of

RoHS/Testing on Mfg. | outweighed by | RoHS/Testing on Mfg.

« Possible blocking « Higher expected price
of mfg's product « Regulator testing

« Higher production saves mfg. cost of
cost testing

COMPETITIVE TESTING INEFFECTIVE WITH
LARGE NUMBER OF FIRMS

Analytical Result:

Under competitive testing, equilibrium compliance effort is
decreasing in the number of firms N

Intuition:

As number of firms increases...

« total equilibrium testing applied to each firm decreases
because
- value of knocking out a competitor is smaller
- free rider problem in testing is exacerbated

COMPETITIVE TESTING INEFFECTIVE WITH
LARGE NUMBER OF FIRMS OF LOW QUALITY
Analytical Result:

Under competitive testing, equilibrium compliance effort is
decreasing in the number of firms N and

increasing in the quality level U

Intuition:
As customer willingness to pay increases, firms have more
to lose from being discovered as noncompliant

Conclusion:

In industries with many manufacturers, each with weak
brands, compliance under competitive testing will be low,
with consequent environmental damage

without RoHS < with RoHS and only < with RoHS and
competitive testing regulator testing

If, in addition, the environmental cost is moderate X € (X, X),
then both firms and society are better off under competitive testing

COMPETITIVE TESTING INEFFECTIVE WITH
LARGE NUMBER OF FIRMS
Analytical Result:

Under competitive testing, equilibrium compliance effort is
decreasing in the number of firms N

Intuition:
As number of firms increases...
« total equilibrium testing applied to each firm decreases

smaller chance of getting caught

\ invest less in

« market is more competitive, decreasing .~ compliance
value of bringing goods to market

Competitive testing fails in competitive industries
(many firms) and only succeeds in uncompetitive
industries (few firms)

COMPETITIVE TESTING ENCOURAGES ENTRY
BY “WHITE BOX” MANUFACTURERS

Analytical Result:

If manufacturer n’s “quality” U, is

sufficiently small, then in any Nash

equilibrium, manufacturer n...

« draws less testing from its value of knocking out
competitors low-quality mfg. is small
i b <Zim tin forallm==n

« does not comply with ROHS ~__market is less valuable

g =0 /to low-quality mfg.
« does not test its competitors’

products
t,, =0forallm=n

« has strictly greater expected
profit
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COMPETITIVE TESTING ENCOURAGES ENTRY
BY “WHITE BOX” MANUFACTURERS

Analytical Result:

If manufacturer N’s “quality” U, is
sufficiently small, then in any Nash
equilibrium, manufacturer n...

« draws less testing from its value of knocking out
competitors ‘ low-quality mfg. is small
Zion tin <Zim G forallm==n

i=n tin izm Him

* does not comply with ROHS v market is less valuable

€ =0 /to low-quality mfg.
« does not test its competitors”

products
t,n =0forallm=n

« has strictly greater expected
profit

EXTENSIONS AND DIRECTIONS FOR FUTURE
RESEARCH

reduced by private reporting,

Possibility of collusion ] !
but relevant with few firms

ROHS violations reduce brand

. . reinforces conclusion
value in subsequent periods

that firms with stronger
brands will have higher
Environmental nonprofits test | compliance

products

Environmental costs depend on hazardous
substance content and how disposed at end-of-life

SUMMARY OF RESULTS

Relying on competitive testing to enforce regulations
is effective in a range of circumstances...

Competitive testing fails in competitive industries
(many firms) and only succeeds in uncompetitive
industries

Competitive testing creates incentive for entry by
environmentally-damaging “white box” manufacturers

Results apply more broadly to competitive markets
governed by product-based health, safety standards

POLICY IMPLICATIONS

Relying on competitive testing to enforce regulations will tend
to be effective when...

...the industry is dominated by a small number of players
(but enough players to discourage collusion)

...firms have strong brands to protect and “pricing power”;
market in which the firms compete is attractive/profitable

...firms are better informed about:

« the costs and means of compliance (environmental
improvement)

» how to detect violations by other firms

...the social cost of noncompliance is “moderate”

...barriers prevent entry by small firms that could produce in
an environmentally damaging way
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Disclosure As a Regulatory Instrument for
the Environment:
A Study of the PCB Industry

Linda T.M. Bui

Jennifer F. Helgeson
(January 2008: EPA Conference)

How Does Mandatory Disclosure Affect Firm Behavior?
Two important requirements:

= 1.  Public disclosure must provide new information to economic
agents.

= 2. The economic agents must be able to use that information to
affect firm profitability.

Successful Examples of Disclosure as a Regulatory
Mechanism

= Food labeling
= Medical package inserts

= Securities laws

In each case, negative information can reduce firm profitability directly
through reduced demand

Potential Difficulties Using Disclosure for Pollution
Abatement

= The relationship between the agents who receive the information and
firm profitability is not clear:

Consumers may not be aware of, understand, or care about, the pollution
embodied within a good. (Green marketing has not always been so
important.)

Households living near dirty plants do not necessarily value lower toxic
releases; firms may benefit from having lower property values surrounding
their facilities.

Liability issues are difficult to asses — particularly as many of the effects
from toxic exposure are long-term.

Why Study the PCB Industry?

= PCB production is one of the largest contributors to pollution in the
micro-electronics industry, but is still small relative to industries such as
petroleum or pulp and paper. (Primarily water pollution.)

= Most studies have focused on the biggest and dirtiest industries.

= Significant changes in market structure over the past 50 years make it
less likely for the industry to respond to voluntary pollution abatement
programs (decreasing concentration; increasing foreign competition on
cost).

= Yet, we see in this industry that reported releases fell by more than
96% between 1988-2003.

Aggregate TRI Releases in the PCB Industry: 1988-2003

TRI Releases (bs)
4000000 6000000 8000000
L L L

2000000
I

T T T T
1990 1995 2000 2005
Year
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Possible Explanations for the Observed Reductions

= Changes in output

= Paper reductions

= Substitution away from listed to unlisted substances

= Reductions attributable to command and control regulations for other
pollutants

= Response to mandatory disclosure

3/11/2008

Issues of Concern

= Correct normalization of releases?

= By number of boards?
= By size of boards?
= By TVS?

= Plant exit.

= Reduction of toxic releases due to other Federal regulations or policies.

= State-level programs.

TRI Releases Per Board: 1988-2003

a
ER

.001
!

TRI Releases/board

.0005
L

T T T T
1990 1995 2000 2005
Year

Accounting for Plant Attrition

We find that:

= Exiting plants are dirtier than remaining plants.

= However, those plants that do not exit from the sample show a similar
pattern in (aggregate) reductions over time.

= If we restrict ourselves to the balanced panel of plants that are in the
sample for the entire period (only 24 of 597 facilities), reductions are
also of the same order of magnitude.

The Basic Model

1. TRI, = B, + B,PUBLIC, + B,PC3350 , + B,POST 3350 , + B,NON
+ BsSRANK; ., + B,SREGL, + B,SREG2, + &, + &

Where: PUBLIC = 1 if the parent company is publicly traded at time t
PC3350 = 1 if the parent company participated in 33/50 program
POST3350 = 1 if pc3350=1 and year > 1995
NON = 1 if facility located in a non-attainment county
SRANK2 = facility’s state ranking at t-2
SREG1 = SRANK2 * REG1; REG1 = 1 if in state with TRI reduction goals
SREG2 = SRANK2 * REG2; REG2 = 1 if in state with additional TRI
programs but no numeric reduction goals.

** Also estimated in “first-differences” with changes in attainment status

Possible Modifications to the Model

= Break down releases into different pollution media (eg. air, water)
= Note that not all facilities report toxic releases in all forms
= Take into account ratio of hazardous air pollutants in air model

= Take into account ratio of CWA pollutants in water model
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Descriptive Statistics on the Regression Sample

Variable Mean Standard Deviation
TRI (Ibs) 11348.01 38747.07
Initial (year = 1988)
- Total 59050.82 222048.5
- Air 35005.38 134097.6
- Water 967.15 10691.31
One-Time Release 14.95 333.36
33/50 Participant 0.07 0.26
Publicly Traded 0.24 0.43
State TRI Program
- REGL 0.48 0.50
- REG2 0.08 0.27
Non-Attainment 0.77 0.42
Number of Obs: 1939

3/11/2008

Aggregate TRI Releases: Levels and First-Differences
(Select Results)

Variable TRI ATRI
PC33/50 38,054.45* -35,351.98***
(20661.97) (15232.42)
POST 3350 5,737.39 26,657.04
(25518.74) (16670.73)
PUBLIC 9,554.37** -135.96
(4541.00) (2371.12)

SRANK2

-224.54
(245.30)
2951.78
(2407.76)

Year Indicator
R-Squared | 0.12 | 0.06

TRI: Air Releases for Facilities Reporting Non-Zero Air
(Select Results)

Variable TRI-Air
NON-ATTAINMENT -4,745.55*
(2239.66)
RATIOH -9875.75**
(4218.57)
H 27,822.81*
(12243.32)
SRANK2 -1,198.29***
(264.40)
SREG1 991.38***
(251.93)
SREG2 435.14
(320.06)
YEAR INDICATORS X
H x YEAR INDICATORS X
R-SQUARED 0.29

TRI: Water Releases for Facilities Reporting Non-Zero
Water (Select Results)
Variable TRI-Water
NON-ATTAINMENT -2,655.64
(2171.64)
RATIOW -5,644.30**
(2850.33)
w 2818.72
(2092.25)
SRANK2 -602.59*
(360.56)
SREG1 588.63*
(352.19)
SREG2 278.52
(352.85)
YEAR INDICATORS X
H x YEAR INDICATORS X
R-SQUARED 0.20

Explaining Toxic Releases in the PCB Industry, Part |

= 1 Exit from industry by the dirtiest facilities led to part of the over-all
reduction in industry level releases.

= 2. Facilities located in non-attainment counties have significantly
lower levels of releases. We find some evidence that changes in
attainment status also are associated with larger reduction in
toxic releases.

We estimate that TRI levels would be between 125%-245% higher than
current levels if no facilities were located in non-attainment counties.

= 3. Federal regulations for water pollution (CWA) and for hazardous air
pollutants (HAPS) also play an important role in the reduction of toxics.

Explaining Toxic Releases in the PCB Industry, Part Il

= 4. Although facilities located in attainment counties start out being
significantly dirtier than facilities located in non-attainment counties, all
other things being equal, attainment facilities reduced their toxic releases
more rapidly than non-attainment facilities such that by 2003, the
facilities were not significantly different from one another.

= 5. State-level TRI programs make a difference. Facilities located in
states with specific reduction targets for TRI substances showed
significantly compressed distributions of releases of all types. We
find evidence that states only with out-reach programs for TRI
polluters have compressed distributions of air releases.
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Policy Implications/Recommendations

= 1. State level policy perceived as being a “threat” of future formal
regulation, if not met voluntarily, may induce firms to abate.

= 2. Outreach programs that provide information to polluters on
pollution prevention or pollution reduction methods may also
have a beneficial effect on releases. This may be especially true
for industries that are dominated by small and medium sized
polluters who do not have the resources to carry out research
and development on PPP.

= 3. There are positive externalities for toxic releases that exist from
formal regulation of non-toxic pollutants.

= 4. Abetter understanding of the mechanism through which public
disclosure affects firm behavior is extremely |m|p0rtant if policy
makers wish to rely upon it as a regulatory tool.
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The Effectiveness of Information Decision_Making Scenario
Disclosure: An Examination of the TRI = . . !
« Thinking about implementing (or expanding or

reducing) an information disclosure requirement
<= Nic ol of the Environment and Earth B a7 - 5 i
1< : : The.program is costly. .
- BE TTTREE N — Time for regulated entities

— Time to process data, administer program

— Costly to make changes, if any are made, to improve
performance

Lori Bennear, Madeleine Baker, Michael Lenox, and Andrew King

EPA Workshop . A
January 15, 2008  Benefits are real, but less tangible

f the Environment an Wa \“.-‘ . B e Nict fthe Environment and Wa \“.-‘ . TR

Information Disclosure as a

Information Disclosur Policy Tool .
OfiEan= 8L 0SUrcagicy 109 Pollution Control Instrument

» Overcome informational asymmetries

 Improve allocation of public resources
— Public safety, enforcement, outreach

¢ Causal Inference

— Under what circumstances does information

i . disclosure about public goods improve
Provide data for analysis environmental performance?

— Internal and external ° Causal Mechanlsm

Motivate changes in behavior — How does information disclosure about public
— Pollution control instrument goods improve environmental performance?

— Complement or substitute traditional regulation

yfthe Environment an wa \“-‘ . e Nid fthe Environment an¢ w; \“-‘ . RS
Problems With Causal Inference Possible Causal Mechanisms

 Only observe data for entities that are required to o Market Mechanism
report.
— Only observe data for the “treatment” facilities -~ r
— Can’t compare treatment to control facilities that do not * Political Mechanism
report
* Only observe data during years where reporting is
required
— Can’t compare treatment facilities during a regulated
year to treatment facilities during an unregulated year

« |nstitutional Mechanism
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Our Analysis of TRI in (pounds)

Capitalizes on major changes in reporting
requirements

“Treatment” is defined as being newly subject to
the TRI requirements (e.g. a facility required to

report for the first time or a facility reporting for a o Porcy Chaneay
chemical for the first time)
The “control” group are facilities that have Treatment (Affected by
reported previously. Policy Change)

Use differences-in-differences estimators of causal Time of Time

Policy
effect. Change

Identifying Assumptions Treatment Category 1—New
Industries

The difference-in-difference estimator will gtc; ﬂfﬁ@t}?g‘cﬁﬂ‘fi;ﬁ;"g}'g §8Y§5§F’ PR ctling

identify the causal affect of the policy The TRI has been expanded several times since
change if: 1988 to cover more facilities.

_ In the absence of the policy change the trends {cr)l %’?34 federal facilities were required to report

in releases for the treatment and control groups In 1997, coal mining facilities, metal mining
would have been parallel. facilities, electrical utilities, chemical wholesalers,

— In other words, we are controlling for important petroleum terminals/bulk stations, and solvent
differences in the trend. recovery services were required to report to TRI.

s PRI~ e hSdences [ IS il I

Treatment Effect for New Industries Treatinent Category 2—New Chemicals

» Comparing reporting facilities in newly reporting N K )
industries to reporting facilities in original * Original list of nearly 300 reportable chemicals.
industries « In 1995, facilities were required to report releases

« Because industry is a key determinant of both the to the TRI of nearly 300 additional chemicals
level of releases and the trend in releases over brmgmg the total number of chemicals reported to
time, differences-in-differences not likely to yield approximately 600.
valid causal effect “Treatment” is based on chemical and takes a

« Less priority on this analysis value of 1 if newly reported chemical in 1995.
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Treatment Effect for New Chemicals

+ Comparing trends in releases of new chemicals to trends in
releases of previously reported chemicals

* Why we might find a result

— When you report for something for the first time, serves as
focusing device.

— More likely to make changes
- Iol?cle initial changes are made (low hanging fruit), changes are less
ikely
» Why we might not find a result
— Cannot do this analysis for first set of chemicals (1987)

- If newly reported chemicals are used in same processes as
previously reported chemicals, all of the release-lowering changes
may have already been made

Treatment Category 3—Lowered
Thresholds

Most chemicals facilities are only required to
report releases to TRI if they manufacture or
process more than 25,000 pounds or otherwise use
more than 10,000 pounds of a listed chemical.

In 2000, Mercury threshold lowered to 10 pounds.
In 2001, Lead threshold lowered to 100 pounds.
Treatment in this case is reporting for lead or
mercury for the first time in 2001 or 2000,
respectively.

Treatment Effect for Lowered
Thresholds (2)

Also compare trends in lead/mercury to trends in
other chemicals for facilities that previously
reported for other chemicals, but are newly
reporting for lead/mercury.

Eliminates cross facility comparison problems.

May not find anything if changes were already
made when facility reported for earlier chemicals.
Same problem as with new chemical analysis.

Finding for New Chemicals

Do releases of newly reportable chemicals in 1995
differ from trends in chemicals previously
reportable.

— Within the same facility (control for production,
facility-specific factors)

— Control for industry (industry dummies and separate
regressions by 2-digit SIC)

— Control for common time shock (time dummies)

Limited evidence of this

— Usually not statistically significant

- For a couple of industries you can see a small negative
(improved performance) effect

Treatment Effect for Lowered
Thresholds (1)

Comparing trends in releases of newly reporting facilities
to trends in releases of previously reporting facilities for
lead and mercury only

Why we might find a result

— When you report for something for the first time, serves as
focusing device.

— More likely to make changes

- IQI?CIe initial changes are made (low hanging fruit), changes are less
ikely

Why we might not find a result
— Comparing across facilities

— Facilities that reported for lead and mercur%/ under higher
thresholds may be quite different in ways that affect both the level
of releases and the trend in releases

Findings for Lowered Thresholds

« In the cross-facility comparison
— No statistically significant effect for mercury

— Often statistically significant but POSITIVE
effect for lead (opposite of our hypothesis)

— True even when we eliminate outliers
¢ In the within-facility comparison

— Often is statistically significant effect, but
POSITIVE (opposite of our hypothesis)

3/11/2008
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These results are preliminary

Lack of evidence of causal effect does not mean
information disclosure is not worthwhile
— Cannot identify these effects from initial reporting, only

from changes
— All the action may have been at the beginning
Even if information disclosure doesn’t affect
performance, may still be worthwhile
— Facilitates allocation of public and private resources
— Provides data for analysis

Future Work

« Examine alternative outcome measures
— On-site releases versus off-site releases
— Weight releases by toxicity
— Engage in more source reduction activities
« Connect data to firm and examine strategic
responses

3/11/2008
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Regulation with Competing Objectives, Self-
Reporting, and Imperfect Monitoring
|

Scott M. Gilpatric
Mary F. Evans and Lirong Liu
University of Tennessee

Work partially funded by EPA STAR grant #R832847.

3/11/2008

Introduction

O Environmental information disclosure programs may
yield both direct and indirect benefits
m Indirect benefit results from increasing firms’ private costs of
emitting, and thereby reducing emissions
m Direct benefit occurs if disclosure itself reduces the social
costs associated with a given level of emissions

Introduction

O Firms may incur costs in many ways when disclosing
(potentially) harmful emissions:
® Most directly if reported emissions are taxed
® Due to increased exposure to liability
m Market reaction impacting the firm’s value

= Consumer demand tesponse

Introduction

O Timely disclosure of emissions may reduce social costs
in several ways

m Private parties and public agents can respond to mitigate or
avoid damages

® Contaminated resources can be avoided
m Clean-up can be more efficiently managed

® Cumulative harm of repeated emissions can be foreseen and
mitigated

Introduction

O Focus of both theoretical and empirical literature has been on
emissions reductions atising from disclosute programs (the
indirect benefit): Malik [1992], Swierzbinski [1994], Hamilton
[1995], Khanna et al. [1998], Livernois and McKenna [1999],
Konar and Cohen [2001]

O Less attention has been given to the fact that information
disclosure may directly improve social welfare

= “The environmental information embodied in [disclosute programs] has
economic value...even in the absence of any changes in emissions by
firms.” [EPA, 2001]

Introduction

O We present a model of optimal regulatory policy when a
disclosure program yields both direct and indirect benefits,
but enforcement of disclosure requirements is costly and
imperfect

O We first must model the behavior of a firm which chooses
both how much to emit and how much of its emissions to
disclose as a function of the regulatory environment
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Introduction

O Model of firm behavior assumes:
= Firm pays a tax on disclosed emissions
® Firm pays a penalty on revealed undisclosed emissions
= An imperfect audit by the regulator may reveal some
(not necessarily all) undisclosed emissions
O Given this understanding of firm behavior, the
regulator chooses tax rate and audit probability (i.e.
enforcement intensity) to minimize social welfare
costs

Related literature

O Malik [1992] and Swierzbinski [1994] have shown that
environmental disclosure programs can improve social welfare,
but through a very different mechanism

= Do not incorporate direct benefit of disclosure

Benefit of self-disclosure occurs by enabling regulator to achieve a given
level of emissions reductions with lower enforcement costs

Utilize framework in which firm’s fully reveal their emissions under
optimal regulatory policy (“truthful revelation”)

Audits (if undertaken) perfectly reveal firm behavior

Model of the Representative Firm

O At time one

m If the firm is audited the audit reveals a quantity of emissions,
denoted x, which depends on the firm’s actual emissions and
a random variable # x=eu
Assume # is distributed with pdf f{») and cdf F(u) on [0,4]
We allow possibility that audit “reveals” more than is actually emitted,
but assume the single mode of the distribution lies at 1
m If the revealed level of emissions is greater than the reported
level, the firm incurs a constant per unit penalty of fon
revealed but unreported emissions

3/11/2008

Introduction

O In our framework a regulator has competing objectives

® Internalizing socials costs, e.g. through emissions taxes, will
deter emissions

® Increasing the cost firms incur for disclosed emissions
generates a disincentive to disclose information
O Regulator must also account for enforcement costs of
achieving compliance

Model of the Representative Firm

O A representative firm is subject to a mandatory
disclosure program which requires the firm to report an
emissions level

O The firm is audited with probability p

O At time zero
® The firm emits an amount of pollution, denoted ¢
® The firm chooses reported emissions to submit to regulator,
with z denoting the share of actual emissions reported
® The firm is subject to a per unit tax on reported emissions,
denoted &

Model of the Representative Firm

O Firm chooses report, z, to minimize expected costs,
1
Min el az + p_[ﬂ(u —z) f(u)du
z
z
O Condition for optimum:

a = ppL-F()]

= An interior solution on z* requires @ < pS

O This yields a constant marginal cost of emitting

u*(a, p)=az’ + pﬁj:(u—z*)f(u)du
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Model of the Representative Firm

3/11/2008

O Optimal level of disclosure, z*, decreases with the tax
rate and increases with the audit probability and the
penalty rate

O Unit cost of emitting (given optimal disclosure), 4%,
increases with the tax rate, penalty rate, and audit

probability

Model of the Representative Firm

O Given optimal disclosure and consequent unit-cost of
emitting, the firm chooses emissions ¢ to maximize the
net benefit of emitting

m Let B(e) represent the value of emissions to the firm, with
B’(e)>0, B"(e)<0

® The firm chooses ¢* to maximize B(e)—C(e, Z*): B(e)—e S

= Optimal emissions are defined by #*=B'(e*)

O The firm’s emissions decrease with the tax, penalty, and
audit probability

Model of the Regulator

O We formalize the direct benefit of disclosure of
emissions as follows
Let # denote the per unit social cost of undisclosed
emissions and s denote the reduction in the social costs
that results from disclosure, with s < 7

Given disclosure z*, the per unit social cost of emissions
is then given by m— sz

Model of the Regulator

O Regulator chooses tax, &, and audit probability, p
= Penalty, £, is exogenous

® Regulator knows how policy choices will impact firm
behavior

Model of the Regulator

O The regulator’s objective is to minimize social costs:

e
V = e(u*fm-sz*—p*]+ pw— [e(p)dp
“
® The first term is social cost of emissions net of expected
payments by the firm
® Expected auditing costs are pw

® The final term captures the net benefit to the firm of
emitting

Regulator’s problem
£

$

B'(e)




Model of the Regulator

O The first order conditions for an interior solution yield

() 2 (m—sz ) = el 2
oa oa
e(u*)s %p* —e(u*) 65:: (m—sz*—p)=w

Policy Implications

O Consider a disclosure program aimed at emissions for
which the social cost becomes negligible if disclosed,
(as s approaches 7 in our model)

® Optimal policy is then zero tax, which enables full reporting
compliance to be achieved with negligible enforcement costs

m It may even be optimal to insulate firms from other sources
of disclosure costs, such as liability, in order to ensure full
disclosure

Policy Implications

O Most cases where disclosure programs are employed
almost certainly lie in middle, where achieving both the
direct and indirect benefits is desired

®m Our model illustrates the inherent tension between these
objectives

® The model shows how the optimal policy balance depends on
the relative costs of undisclosed vs. disclosed emissions, and
the cost of enforcement
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Model of the Regulator

O The optimal tax is increasing in z, the per unit social
cost of undisclosed emissions and decreasing in s, the
difference between the per unit social costs of
undisclosed and disclosed emissions

m The effect of the cost of auditing on the optimal tax is
ambiguous

O The optimal audit probability is decreasing in the cost
of auditing, .

® The effect of a change in # or sin the optimal audit
probability is ambiguous

Policy Implications

O Conversely, consider a disclosure program aimed at
emissions for which disclosure does not significantly
reduce social costs, (as s approaches 0 in our model)

m Optimal policy is then to internalize the social cost while
minimizing enforcement costs

= This implies setting the tax rate a>pf3, which results in no
disclosure but maximizes the firm’s expected cost of emitting
for any audit probability
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Competing Environmental Labels

Carolyn Fischer and Thomas P. Lyon
Resources for the Future University of Michigan
EPA- NCER Conference on
Environmental Behavior and Decision-Making
New York, NY, January, 2008

E= nesounces

Introduction

o Globalization of trade and environmental issues
create problems difficult for governments to address
with standard policy tools

o Trade law makes it difficult for governments to
regulate attributes of production processes outside
their borders

e Many groups have put increasing effort into
international market mechanisms such as ecolabeling

e RESOURCES

Labels Promulgated by a
Non-Governmental Organization (NGO)

o Swedish Society for the Conservation of
Nature

©

[ RESOURCES

Industry-led Labels

e Pulp and paper 22|  agads
£

e American Forest & Paper Association
(AF&PA) Sustainable Forestry Initiative

e Tuna canning

Eli

[ RESOURCES

Research Questions

e How do the incentives and behavior of
industry groups and environmental NGOs
compare in setting ecolabel standards?

e |s society made better off by multiple
ecolabels in an industry, or do competing
labels reduce overall effectiveness?

e |s there a role for government intervention
in third-party voluntary labeling schemes?

[ RESOURCES

Previous Literature

e Still quite sparse, but growing

e Heyes and Maxwell (2004) compare a mandatory
standard adopted by a "World Environmental
Organization" (WEO), subject to political pressures,
with an NGO-led voluntary ecolabel

— NGO label may reduce welfare by pre-empting the more
socially desirable WEO label.

— If the two labels coexist, then the NGO label is
beneficial
e Baksi and Bose (2007) compare NGO labels with
self-labeling by individual firms

— Self-labels can be better if the government is willing to
engage in costly monitoring

[ RESOURCES
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Our Analysis

e Formal model of rivalry between NGO and
industry-sponsored labels

e Each chooses a standard of stringency
— NGO wants to minimize damages
— Industry wants to maximize profits

e Firms are distributed across a spectrum of
costs of complying with a standard

e Consumers have some willingness to pay as
a function of standard stringency

e RESOURCES

The Firm Decision

o Firms elect to join a labeling program if the net
benefits outweigh the alternatives
o Single label / less stringent label:

— if the price premium outweighs the costs of meeting the
standard

— i.e., below a cutoff level of the cost parameter
o More stringent of two labels:

— if the price premium outweighs the costs of meeting the
standard

— And if the additional price premium outweighs the
additional costs

— i.e., above a cutoff level of preferring the looser standard

e RESOURCES

Main Results for Industry

o If there is only one label, the NGO adopts a
more stringent label than does the industry.

o Industry further relaxes its label if the two
labels coexist.

e Industry profits increase with multiple
labels.
— Firms only voluntary if it increases profits

— Industry only changes its standard if it
increases profits

[ RESOURCES

Main Results for NGO and
Environment

o NGO may tighten or loosen its standards in
response to an industry label

e Environmental damages may be higher or
lower with both labels than with the NGO
label alone.

o Specific results depend on the distribution
of types of firms in the market and
consumer demand for label stringency.

[ RESOURCES

Simulations

o Explore role of firm-type distribution and
consumer willingness-to-pay functions

e Find both kinds of NGO and damages
response

e NGO loses substantial participation when
industry label present

[ RESOURCES

Distribution Function Examples

f(6) 14:

a=2,b=2

a=5,b=5

(Beta distribution function)

[ RESOURCES
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Price Premium Functions

-7 25-.0055%/2

0.6 Log(1+:
0.5 Log(1+s)
0.4
lo.2 s-s2/2 2
0.2
0.1

0.8
P-4 1/(1+s) 1/(1+s)

0.3 0.6
0.2 0.4

b1 0.2 2-005s

0.2 0.4 0.6 0.8 ' 10 20 30 40

e RESOURCES

Simulation Results

Distribution
Parameters Prices Participation Rates Change in Damages
a b plA_ piIB  pNA pNB | %IA %NA %IB %NB | Industry NGO Both
2 5|064 060 1.23 154 |82% 29% 80% 5% -2.75 -462 -4.14
15 2058 055 142 190 |59% 11% 60% 2% -1.64 -2.71 -3.03
2 2046 041 089 1.15|59% 22% 60% 5% -1.12 -1.49 -155
5 5|0.34 033 053 0.81|84% 53% 84% 2% -1.00 -1.26 -1.06
2 15|042 038 0.80 1.19|51% 20% 52% 3% -0.83 -1.05 -1.17
5 2021 020 030 0.67|59% 41% 60% 1% -0.38 -0.41 -0.40
Price Function Prices Participation Rates Change in Damages
plA plB  pNA pNB | %A %NA %IB  %NB |Ind. NGO Both
Log[1+s] 053 049 103 138| 71% 25% 70% 4% | -1.67 -2.45 -2.44
(.2-.005s/2)s 260 255 3.07 3.92|14% 12% 14% 0.0% |-023 -0.24 -0.23
(1-s/2)s 127 125 192 191 | 90% 71%  88% 3% | -576 -688 -.578

e RESOURCES

Finer Points

e In more cases, fewer reductions with both
labels than with NGO alone

e Dueling labels more likely to be beneficial
to the environment if firm types are broadly
distributed
— Else competing within a tight range

I

RESOURCES

Thinking About Welfare

e Societal objective function would likely balance
profits and environmental damages (and consumer
surplus)

e Profits and consumer options increase with more
labels, but environmental benefits may decrease

¢ Role for influencing the number of labels and their
criteria

¢ Incentives for NGOs to work with industry groups
to avoid excess competition

[ RESOURCES

Caveats and Further Research

e Consumer willingness to pay for one label
may depend on the qualities of the other
labels
— additional interactions between competing

labeling schemes

e We assume standards set targets for
reductions in damages; absolute standards
may create twin distributions of firms by
costs and emissions

I

RESOURCES

Thanks!

e To EPA-STAR
— RD-83285101

e For more information:
— Resources for the Future
www.rff.org

— Erb Institute for Global Sustainable Enterprise
http://www.erb.umich.edu/

[ RESOURCES
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Green Power Partnership

» Seal or Certification

» Organizations consuming specified
percentage of energy from certain
renewable sources

e 2001 SEPA

. EPA ‘ GREEN
POWER
PARTNERSHIP

Objectives

» Analyze influence of extrinsic (energy cost
savings) and intrinsic (helping the
environment) incentives on willingness to
pay for consumer products
— Evidence of MCO?

* Analyze influence of other factors on
willingness to pay for environmentally
labeled consumer products
— Program characteristics
— Demographics
— Attitudes and Opinions

Prior Research

 Evidence that environmental labeling
programs influence consumer behavior
— Opinion/Recognition Surveys
— Stated Preference Surveys

— Revealed Preference Analyses
« E.g., Bjgrner, Hansen and Russell (2004)

Prior Research

» Energy Efficiency and Green Power
Labeling
— Energy crisis of the 1970’s
— Identification of the “efficiency gap”
— ENERGY STAR
— Green Power

Prior Research

¢ Prosocial Behavior and MCO

—MCO
« Psychological Literature
— Deci and Ryan (1985); Deci (1971)
« Experimental Evidence
— Deci, Koestner, and Ryan (1999)
* Field work
— Frey and Jegen, 2001
— Prosocial behavior more generally
« Meier (2006)
« Bénabou and Tirole (2006)

Economic Model
maxv, -z, +Vy -Y; = p, +X[ ZE(Vz‘zi’Yi)_yYE(VY‘Zi'Yi )]

» Adapted from Bénabou and Tirole (2006)
¢ Where:

Z = public attributes (intrinsic motivation)

Y = private attributes (extrinsic motivation)

v,, Vy represent consumer preferences

p = product price

x = visibility of salience of the choice




Methods & Procedures Methods & Procedures

« Conjoint Analysis « Additional Survey Questions
— Hypothetical market or stated preference — Debriefing
— Meant to replicate purchase decision — Attitudinal

— Demographic

If you were shopping for a side-by-side refrigerator/freezer for your .
home and these were your only options, which would you choose? . Survey Im plementatlon

— Computerized

o o O
Brand Frigidaire GE Amana —Online
Size 21.7 cubic feet 25.3 cubic feet 23.9 cubic feet
Icemaker Icemaker in freezer Icemaker in freezer In-door dispenser
Warranty 2 year warranty 2 year warranty 1 year warranty
Energy Usage ENERGY STAR Meets Federal Requirements ENERGY STAR
Price $1199 $1479 $1349
= Methods & Procedures Methods & Procedures
. .  Refrigerator Attribute Identification and Selection
E * Product Selection Criteria h Prige
, - Energy consumption — Brand
— Familiarity, buying experience — Finish
u — Adequately described with limited number of - Size _
attributes — Through-the-door water/ice
o ] o — Noise Control
— Limited importance of aesthetic, visual — Humidity Control
a qualities — Drawers (number)
— Accessibility of product information — Shelving (type)
— Water Filtration
m — Length of warranty
m Methods & Procedures Methods & Procedures
d » Environmental Labels (Survey Versions)  Four different survey versions
¢ — ENERGY STAR « Tests of the MCO Hypothesis
* High and low private benefit — Strong: WTP for Green Power Partners or
n — Green Power Partners Energy Saver > WTP for ENERGY STAR with
—“Energy Savers” high cost savings
m — Weak: WTP for Green Power Partners or
ENERGY STAR Example: i
Another factor that you may consider is whether or not the refrigerator has been Energy Save.r > WTP for ENERGY STAR with
awarded an ENERGY STAR® label. All refrigerators sold in the US are required to low cost savings
m. meet federal guidelines limiting their energy consumption. To be awarded the
ENERGY STAR label, the refrigerator must consume at least 20% less energy than ° Concerns
the federal guidelines. As a result, an ENERGY STAR refrigerator will, on average, H H 3
’ reduce a household’s electricity bill by $14 per year and reduce the emission of - Equwalence of DUbIIC benefits
carbon dioxide associated with energy production by about 195 pounds per year.
Carbon dioxide is a greenhouse gas that contributes to global climate change.




Methods & Procedures Policy Implications

» Relevance of public and private
dimensions of labeling programs

« Influence of other program characteristics
on consumer response

« Influence of demographic, attitudinal and
opinion factors on consumer response

« Usefulness of conjoint analysis in
evaluating labeling programs/attributes

« Empirical test of the objection that market
mechanisms will lead to “moral ambiguity”

* Focus Group Analysis

— Product and non-environmental attribute
selection

— Environmental attributes
— Survey instrument
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Voluntary Information
Programs and Environmental
Regulation: Evidence from
‘Spare the Air’

W. Bowman Cutter, UC-Riverside
Matthew Neidell, Columbia University

“Spare the Air” and ozone regulation

o ozone = f (NOx, VOC, weather, solar_radiation)
o Automobile emissions are precursors to ozone
= 49% of Bay Area, Sacramento Valley, and San Joaquin Valley NOx
from on-road mobile sources
o AQS based on “3-year average of the fourth-highest daily
maximum ”
o Traditional regulation: shift entire distribution of NOx, VOC
o Alternative: focus on episodic conditions
= |If forecasted ozone exceeds AQS, issue STA to encourage trip
reduction
Widely publicized
Free-fare on BART since 2004
= Trip reductions:
Lower ozone precursors
Lower ozone levels
Increase AQS attainment

Economic theory

o Individuals receive value from contribution
[warm-glow, existence value]
= Value increases with pollution

o 3 choices: drive alone, public transit, no
trip

o 2 types of trips: commuting, discretionary

o Fact: ozone peaks late afternoon

o Intuitive prediction except:

= STA signal as health risk [Neidell]
Most exposure from public transit
= Free-rider issue: reduce traffic and travel time

3/11/2008

Introduction

o Voluntary programs and environmental
quality
= Community Right-to-Know Act
= Climate Wise

o Mostly target firms, but could be profit
maximizing

o Hinge on consumer altruism - voluntarily
forgo consumption despite no direct
incentive

Goal of project

o Goal 1: Impact of STA on commuting
behaviors
m Test of altruism
® Voluntary programs and environment
o Goal 2: Impact of STA on ozone
m 8-hour standard contested
Increased marginal abatement costs
Natural variability
Climate change predicts ozone increases

= Ozone outreach programs, such as STA, may be
more efficient tool

Implemented in Sacramento, Atlanta, Charlotte,
Houston, Pittsburgh, ...

Economic theory

o Commuting trips
= No option to cancel trip
= Health effects minimal
->Contribute if warm-glow outweighs reduced
travel time
o Discretionary trips
= Option to cancel trip
= Health effects largest during mid-day
—>Cancel over drive alone if warm-glow outweighs
reduced travel time
—>Public transit if warm-glow net of health effects
outweighs reduced travel time

Increase in public transit least likely during peak ozone
period
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Methodology

3/11/2008

o Endogeneity of STAs
o Solution: regression discontinuity design (RDD)
= ozf, = f (0oz,.,, weatherf,, solrad,) > trg}
trg=.081 ppm = 2003, trg=.084 ppm < 2002
STA, = 1{ozf, = max, (0z,)}
= |If days above trigger = days below, discontinuity in
transportation = effect of STA

O Y = B*STA + O*0z, + 6,*X; + O, + Uy + &
if trg-A < ozf, < trg+A; A=.01 or .02 ppm

o Also diff-in-diff using SCAQMD

o Overall and by time of day

Data

o STAs and ozone forecasts from BAAQMD
= June 1 to October 15
= 2001-2004

o Traffic data from Freeway Performance
Measurement System (PeMS)

= Real-time traffic flow at 92 monitors in BAAQMD; 50 in
SCAQMD

= Aggregate 5 minute intervals to 1 hour
o BART
= Hourly entrances for all stations
= Free fares in 2004
o Daily pollution from CARB
o Observed and forecasted weather from NCDC

Covariate balance

Data
+/- .02 of +/-.01 of

All obs.  trigger trigger
year STA=1 STA=0 STA=0 STA=0
2001 4 130 23 7
2002 7 127 32 8
2003 9 125 63 21
2004 3 131 38 8
Total 23 513 156 44

1 2 3 4
+/- .02 of +/- .01 of

mean All obs trigger trigger
precipitation 0.184 -0.069 0.024 0.023
max. temperature 81.92 2,115 0.148 -0.255
precipitation (in.) (lag) 0.184 -0.096 -0.009 -0.006
max. temperature (lag) 82.015 1.733* 0.13 -0.082
forecast max. temp. 81.524 2.079* 0.286 0.262
forecast sunny 0.637 0.865** -0.035 -0.257
forecast partly cloudy 0.326 -0.80** 0.036 0.268
holiday (lag) 0.024 0.13 0.221 -0.091
weekday 0.707 0.273 0.16 0.017

Effect of STA on all day traffic and
BART

1 2 3
all obs +/- .02 of trigger +/- .01 of trigger
A. Traffic
monitor random effect -1106.0 -2332.3** -2001.0*
-1.7% -3.5% -3.1%
monitor fixed effect -995.2 -2111.7* -1683.4
-1.5% -3.2% -2.6%
Observations 70805 24073 8768
# of days 536 179 67
# of monitors 142 142 142
B. BART
station random effect 34.6 40.3 29.4
0.6% 0.7% 0.5%
station fixed effect 325 41.4 39.2
0.5% 0.7% 0.6%
Observations 21391 7160 2520
# of days 536 179 67

# of stations 43 43 43

Effect of STA on Traffic by Hour
(.02 of trigger)

20 21 22 23
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N ~ o [ Fa's S
Eftect of STA on BART by Hour Effect of STA on 1-hour and 8-hour
(* .02 of trigger) ozone
1 2 3
all obs +/- .02 of trigger __ +/- .01 of trigger
A. 1-hour ozone
monitor random effect 0.003* -0.001 -0.001
5.6% -2.2% -2.6%
monitor fixed effect 0.003* -0.001 -0.002
5.4% -2.3% -3.0%
Observations 6406 2139 777
# of days 536 179 65
# of monitors 12 12 12
0 A s B. 8-hour ozone
20 g/g/ 7 \3( 9 10 11°-12 1-;\1,3\1.5/1{ 17 18719 ..20..21 22 28 monitor random effect 0.003* -0.001 -0.002
6.3% -2.0% -4.0%
-40 - monitor fixed effect 0.003* -0.001 -0.002
6.1% -2.1% -4.5%
60~ Observations 6406 2139 777
hour # of days 536 179 67
# of monitors 12 12 12

Conclusion

o Individuals respond to STAs...

...but not in sufficient volume

= Impact of further outreach unclear because of
counter-incentives

= Free fare significant loss in gov’'t revenue,
increase in complaints

= If no effect in Bay Area, where could it work?

o Costs to consumer from switching
unknown

o Generalize to other voluntary programs?
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National-Scale Activity Survey
(N-SAS)

Public awareness of and response to
information on air pollution conveyed through
the Air Quality Index (AQI)

Overview of Survey Design, Possible Uses of
Data and Status/Timeline

Presented at the
EPA’s Workshop on Environmental Behavior and Decision-Making
(February 13-14, 2008 in New York City)

Presented by
Zachary Pekar and Susan Stone (EPA) and Carol Mansfield (RTI)

Overview of presentation

= Introduction to N-SAS

m Brief overview of past survey research with bearing
on N-SAS (implications for N-SAS design)

m Overview of N-SAS
- Design elements
= Goals of the survey (types of information being collected)

m Potential uses of N-SAS results
m Survey timeline

Introduction to N-SAS

= OVERVIEW: N-SAS is a national-scale survey to collect variety of data
related to the AQI and the public’s awareness of and response to air
pollution (including both averting and mitigating behavior).

= KEY DESIGN ELEMENTS:
= Two survey designs will be used:
» Cross-sectional survey (national-scale) measuring awareness, knowledge and
stated responses to air quality warnings
« Longitudinal survey (selected cities) collecting activity diary data to measure
actual behavioral changes on poor air quality days.
= Focus of initial N-SAS will be on the public’s response to ozone pollution as
conveyed through AQI alerts (later surveys may consider PM)
Initial N-SAS will focus on adults 55+ yrs of age (later surveys may consider
additional age groups)

= STATUS: N-SAS is currently in the final planning stages and is targeted
for summer 2008.

Brief overview of past survey
research with bearing on N-SAS

= Roper Green Gauge Survey

= RTI/KN 2000 Health and Aging Survey

= 2006 BRFSS
= module with four questions about awareness of the AQI and

reported behavior change, 6 states administered it

= Individual metro areas conduct surveys

= Research linking air quality warnings to aggregate
daily changes in attendance at outdoor events,
hospital admissions, health outcomes and driving (for
example, Neidell)

= Research on daily activities using diary studies

2002 STAR Grant and N-SAS Design

= 2002 STAR grant (Mansfield, Van Houtven,
Johnson, Pekar, Crawford-Brown)

= Epi and risk assessment see behavior change as a
confounder — economists see behavior change as
information about preferences and value

= Framework for cross-sectional and longitudinal N-SAS
design

= Included questions on awareness, reported behavior,
perceptions, health, neighborhood

= 6 daily activity diaries

2002 STAR Grant and
N-SAS Design, con’t

= Sample frame: Harris Interactive Online
marketing panel, general and asthma panels

= Inclusion criteria:
= 35 highest ozone MSA'’s
= Child 2 to 12 years old

= One stay-at-home parent to supervise child
during July/August/September 2002
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2002 STAR Grant and

N-SAS Design, con’t

= Parents report relatively high level of ozone
alert awareness, particularly if they have child
with asthma

= High percentage of parents report reducing
child’s outdoor time on high ozone days,
particularly parents of children with asthma

= Evidence of day-to-day behavioral
adjustments w.r.t. high ozone conditions for
asthmatics (based on daily diaries)

Goals of the N-SAS surveys —
the types of information to be collected

= N-SAS will focus on measuring the following:

= Public's awareness and knowledge of ozone
pollution and the health threats posed by ozone
(later surveys could include PM)

= Public’'s awareness and knowledge of air quality
warning systems such as AQI (including range of
messages conveyed by these systems)

= Exposure reduction behavior and emissions
reduction behavior (both stated and actual)

= Willingness to pay for information on air pollution
conveyed through systems such as the AQI

Design Elements —
cross-sectional survey

= FOCUS: measure awareness, knowledge and risk perceptions
related to air quality and reported behavioral changes (and
differentiates these across socio-economic attributes), location
(address or major intersection)

= SAMPLE:

= Representative sample of older adults 555+ yrs) from MSA's that

experienced at least one code orange day in the last 3 years

= Sample size based on ability to compare responses to important
subsamples of the population (e.g., stated awareness of AQI)
Survey conducted in English, but should Spanish speaking
individuals be contacted, survey can be conducted in Spanish
(potential for Spanish focus depending on funding)

Design Elements —

:.‘ cross-sectional survey (ontined

= MODE OF ADMINISTRATION: telephone
(RDdI_D). Will include non-response follow-up
studies.

= ADDITIONAL FACTOR: consider web-panel
sample to improve compatibility with
longitudinal activity diary survey and to
research mode/sample selection issues in
future surveys.

10

Design Elements —

5 Longitudinal survey

= FOCUS: collect seven 24-hr activity diaries for

each member in a sampled group age 55+

years old. Allows actual changes in behavior

(related to ozone exposure and emissions of

0zone precursors) to be evaluated.

= Respondents will also answer questions from the
cross-sectional instrument in screening and
debriefing surveys to allow stated behavior to be
contrasted with actual behavior for this population

= KN has addresses for geographic location

11

Design Elements —

:.’ Longitudinal survey conined

= SAMPLE:

= Sample of older adults (55+ yrs) from 3-6 urban areas
(selected to represent range of urban conditions in US)

= Sampling frame will include individuals with respiratory and
cardiovascular disease (i.e., sensitive subpopulations)

= As with cross-sectional, will be conducted in English (not
sure whether Spanish speakers will be covered at this point)

= Sample size and number of diaries per individual based on
ability to detect changes of a given size in time outdoors
comparing days with high and low ozone pollution

12
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Design Elements —

3 Longitudinal survey conne

= MODE OF ADMINISTRATION: Knowledge
Networks web panel. Non-response follow-up
study will be conducted.
= Web-panel provides advantages over telephone,
including the ability to collect more detailed
information more frequently and the ability to
collect diaries associated with high-ozone days.

13

Goals of the Survey —
Cross-sectional component

= Collect information on:

Respondent characteristics: health status,
behavior (time outdoors)

Risk perception: perceived magnitude of air
pollution problem and individual vulnerability

Averting and mitigating behavior (stated): possible
actions taken, effectiveness of actions, frequency
of action by individual.

Knowledge/Awareness of AQI

Valuation of air quality warnings (contingent
valuation)

Geographic location

14

Goals of the Survey —
Longitudinal component

= Collect information on:
Daily activities (up to 7 days)
Continuous activity data for each diary day with

details on type of activity, exertion level, and
location (including model and duration of travel)

Respondent characteristics (including general
health status and status on day of activity survey)

Geographic location

Stated activity (to support comparison against
actual activity)

Additional questions from cross-sectional survey

15

Possible Uses of N-SAS
Results

= Accountability initiatives: Effectiveness of air pollution
warnings at changing public’s behavior.

= Enhance design of information outreach programs

such as the AQI:

= Provide insights into which populations are being reached by

AQI (how this might be improved)
Provide a national benchmark against which state and
regional programs can be compared and for evaluating
improvements resulting from future enhancements to the
AQl.
Insights into how other environmental health risk warning
initiatives can be improved and enhanced.

16

Possible Uses of N-SAS
RGSUltS (continued)

= Improve exposure and risk modeling:

= Data on averting and mitigating activity can increase
representative of exposure and risk modeling (by potentially
reducing exposure misclassification).
Detailed activity data for older population can enhance
existing data in Comprehensive Human Activity Database
(CHAD) used by EPA in micro-environmental exposure
modeling.
= Improve economic benefits analysis:
= Averting and mitigating activity reflects a cost to society.
The presence of these activities in response to air pollution
(and associated warning information) should be considered
in assessing the benefits of air pollution reduction.

17

N-SAS Timeline

Pretesting instrument, January 2008
= Cognitive interviews
= Spanish language focus group
Review, January 2008
= Advisory panel
= 2 -3 written peer reviews

Submit ICR to OMB, February 2008

Data collection, June to September 2008

Report with basic data analysis, Fall/Winter 2008
Peer review of report, Winter 2009

Future waves of data collection?

18
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1)

2)

PURPOSE OF TRI:

Annual reporting under EPCRA section 313 of
toxic chemical releases and other waste
management information

provides citizens with a useful picture of the
total disposition of chemicals in their
communities and

helps focus industry’s attention on pollution
prevention and source reduction opportunities.

There is a cost to society of these emissions. The

more we know, the greater the pressure on
industry to act.

3/11/2008

Evans et al

Disclosure policy dilemma: how induce full disclosure, while also
creating mechanism for internalization of social costs of emissions

How much a firm decides to disclose depends on:
— A tax on disclosed emissions as punishment for emitting
« NY has such a tax on certain chemical emissions
— A penalty on revealed undisclosed emissions
« 2004 penalty for not reporting: $32.5K per chemical-year for major
extent, minor $6448; adjusted annually by CPI
« Facilities can reduce penalties through supplemental environmental
projects (2006 cost: $1.18 M, or 27% total cost of EPA actions)
— An imperfect audit by the regulator may reveal some (not necessarily
all) undisclosed emissions
« 2006: 308 inspections under EPCRA out of 20,000 reporting
facilities = 1.5%, high estimate of p(getting caught)
The model shows how the optimal policy balance depends on
the relative costs of undisclosed vs. disclosed emissions, and
the cost of enforcement

Bennear et al

Hypothesis: Information disclosure requirements lead to
reductions in emissions

Compare emissions trends of newly reporting facilities to
previously reporting facilities

— 1995 new chemicals: limited (negative) effect

— 2000 lower Mercury threshold: no effect

— 2001 lower Lead threshold: positive effect

— Other chemical emissions at newly reporting facilities: positive

effect

Explanation: something inherently different in previously
reporting industries vs. newly reporting industries; need
better industry effect variable?

Other omitted variables? Break-down total releases,
toxicity, strategic divestment from dirty facilities, other
regulation/enforcement stringency, output/size,
estimation methods, EPA training/CA

Estimated U.S. anthropogenic mercury emissions in the early to
mid 1990’s and 2002.

200 g

[1 Other Categories

W Hazardous Waste Incineration
[ Metals | Mining

B Mercury Cell Chlor-Alkali Plants
[C] Other Fusl Combustion

W Municipal Waste Incineration
B Medical Waste Incineration

W Utiity coal boilers

Mercury Emissions
(metric tons [ year)

Early to 2002
mid 1990°s

Bui et al

Assess 96% decrease in emissions from PCB industry, 1988-2003
— Factors: voluntary program (33/50), CAA (non-attainment status &

HAPs emissions), CWA, state-level regulations (TURA, P2 activities,
community outreach)

Significant explanatory factors: regulation, state actions, location in

non-attainment county, dirty facility closure

“TRI effect”: Dirtier facilities located in attainment counties, all other

things being equal, reduced their toxic releases more rapidly than

non-attainment facilities such that by 2003, the facilities were not

significantly different from one another.

Caveat: A better understanding of the mechanism through which

public disclosure affects firm behavior is extremely important if policy

makers wish to rely upon it as a regulatory tool.

Do individuals understand the risks associated
with toxic chemical emissions/use?

allclasses
<+ - scenario 1

—8— scenario 2
a8 LS scenario 3
scenaro 4

=y —#—scenario 5
—e -scenaiio§

—+— scenario 7
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1. INTRODUCTION

After the passage of the 1970 Clean Air Act Amendments and 1972 Clean Water Act
Amendments the United States has been able to achieve substantial improvements in both air and
water quality due in large part to increasing stringency of regulation, which has caused
continuous declines in emissions from industrial sources. In the United States environmental
policymaking is conducted via a federalist system with the federal U. S. Environmental
Protection Agency (EPA) setting the stringency of regulation and states’ implementing and
enforcing the regulations. The ability of states to implement and enforce regulations provides
them with a considerable amount of discretion (e.g. setting water permit discharge levels,
number of plant inspections).

State discretion potentially has both pros and cons. First, this discretion allows each state
to develop their own methods of regulating, thereby providing opportunities to develop more
innovative policies, which can lead to more net benefits from regulation. However, there is
potential for such discretion to be abused. For example, states may free ride on their neighbors
by allowing plants located near state borders (border plants) to emit more pollution than non-
border plants — Sigman (2005), Helland and Whitford (2003), and Gray and Shadbegian (2004)
all find evidence of this behavior.! Finally, states may choose to be less rigorous in terms of
enforcing regulations in an effort to attract new businesses to the state, resulting in a so-called

“race to the bottom.” >*

! In particular, Sigman finds that states allow plants to emit greater amounts of water pollution when that
pollution crosses state borders via interstate rivers. Helland and Whitford, using annual (1987-1996)
county-level TRI data, find that facilities located in counties on state borders (border counties) emit
significantly more air and water toxics than facilities located in non-border counties. Gray and
Shadbegian (2004) find that pulp and paper mills whose pollution impacts the population of neighboring
states emit more pollution.

2 See Sigman (2003) for more information on the discretionary powers of the states.

® There is a large literature examining the “race to the bottom”; see Oates (2001).
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We would expect states to differ in their ability and/or desire to implement and enforce
EPA regulations. Therefore, it is not clear whether making national regulations stricter in such a
federal setting will increase or reduce differences across states in effective regulatory stringency.
Stricter national rules may “raise the bar” and force less stringent states to make greater changes.
On the other hand, since much of regulatory activity is done at the state level, stricter regulations
at the national level may strengthen the bargaining power of regulators in more stringent states,
enabling them to increase their stringency more than other states.

In 1998 the EPA promulgated the first integrated, multi-media regulation — known as the
“cluster rule” (CR). The goal of the CR was to reduce the pulp and paper industry’s toxic
releases into the air and water. By promulgating both air and water regulations at the same time
EPA made it possible for pulp and paper mills to select the best combination of pollution
prevention and control technologies, with the hope of reducing the regulatory burden.

We test the impact of the air and water regulations in the CR, using data from 1996-2005
for 150 pulp and paper mills, including information on both toxic and conventional pollutants.
We include a wide range of control variables shown in previous research to affect plant
environmental performance, including plant- and firm-level characteristics and regulatory
activity. We find significant reductions in total toxics and air toxics around the time that the CR
was implemented, though not for water toxics. However, plants identified as facing stricter CR
rules do not generally show larger reductions in toxics. We find no evidence for large reductions
in conventional pollutants around the CR implementation date, but do observe significant
positive correlations in residuals across the different pollutants, suggesting the presence of
unmeasured factors that may improve (or worsen) a plant’s performance across the board.

Finally, we find some evidence that the differences across states in regulatory stringency
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may have been lessened by EPA’s adoption of the CR. Plants located in states with more
political support for stringent regulation have lower toxic releases on average throughout the
period, but they have a smaller decline in toxic releases over time, as shown by our 5-year-
change analysis. This suggests that some of the reductions required by the CR had already been
implemented in high-stringency states, so the CR had a greater impact on plants in lower-
stringency states.

Section 2 provides background information on pollution from the pulp and paper industry
and a brief history of the Cluster Rule. Section 3 reviews the relevant literature, while section 4
presents a model of the determinants of environmental performance. Section 5 discusses the data
and empirical methodology. Section 6 presents the results, followed by concluding comments in

section 7.

2. REGULATING THE PULP AND PAPER INDUSTRY

During the past 35 years environmental regulation on the U.S. manufacturing sector has
become increasingly tougher in terms of both stringency, and enforcement and monitoring. Prior
to the creation of the federal Environmental Protection Agency (EPA) in the early 1970’s
environmental rules were predominantly enacted at the state level, and were not rigorously
enforced. Since the early 1970’s the federal government has been the principal player in
developing stricter regulations and promoting a greater emphasis on enforcement, much of which
is still performed by state regulatory agencies under varying degrees of federal supervision.

The evolving stringency of environmental regulation has imposed large costs on
traditional ‘smokestack’ industries, like the pulp and paper industry, which is one of the most

highly regulated industries due to the large volumes of both air and water pollution it generates.



Although these regulatory efforts have proven costly to the pulp and paper industry they have
also been successful in reducing the emissions of conventional air and water pollutants with the
advent of secondary wastewater treatment, electrostatic precipitators, and scrubbers.
Furthermore, some mills have gone beyond these end-of-pipe control technologies, and have
redesigned their production process, e.g. more closely monitoring material flows to further
reduce emissions. In general these modifications have been much easier to achieve at newer
plants, which were, at least to a certain extent, designed with pollution controls in mind — some
old pulp mills were intentionally constructed over rivers, so that any spills or leaks could run
through holes in the floor for “easy disposal.” These rigidities can be partially or completely
offset by the propensity for most regulations to incorporate grandfather clauses exempting
existing plants from the most stringent requirements — for example, until more recent standards
limited their NOx emissions, most small old boilers were exempt from air pollution regulations.
The entire pulp and paper industry faces significant levels of environmental regulation.
However, plants within the industry face differential impacts from regulation, depending in part
on their technology (pulp and integrated mills vs. non-integrated mills*), age, location, and the
level of regulatory effort directed at the plant. Previous studies, including Gray and Shadbegian
(2003), have shown that the most important determinant of the regulatory impact on a plant is
whether or not the plant contains a pulping facility, since the pulping process (separating the
fibers need to make paper from raw wood) is much more pollution intensive than the paper-
making process.” Different pulping processes result in different types of pollution: mechanical

pulping uses more energy, generating air pollution from a power boiler, while chemical pulping

* Integrated mills produce their own pulp and non-integrated mills purchase pulp or use recycled
wastepaper.

> The two main environmental concerns during paper-making stage are air pollution if the mill has its own
power plant and the residual water pollution generated during the drying process.
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could generate water pollution from spent chemicals, some of them potentially toxic. In
addition, if a white paper product is desired the pulp must be bleached. The Kraft chemical
pulping process was originally considered to be relatively low-polluting in terms of conventional
air and water pollution. Unfortunately, when combined with elemental chlorine bleaching, it can
create chloroform, furan, and trace amounts of dioxin, raising concerns over toxic releases that
contributed, at least indirectly, to the development of the Cluster Rule.

An incident in Times Beach, Missouri (located near St. Louis) helped raise concerns
about toxic pollutants in general, and dioxin in particular. On December 5™ 1982 the Meramec
River flooded Times Beach, contaminating nearly everything in the town with dioxin that had
been deposited by dust spraying in the early 1970’s. The Center for Disease Control concluded
that the town was uninhabitable and in 1983 the US EPA bought Times Beach and relocated its
residents, reinforcing in the public mind the dangers of dioxin.

In the aftermath of the Times Beach incident two influential environmental groups, the
Environmental Defense Fund and the National Wildlife Federation, sued the EPA for not
adequately protecting the U.S. public from the risks of dioxin. As part of a 1988 settlement with
the environmental groups the EPA agreed to study the health risks of dioxin and to set
regulations to reduce dioxin emissions. Ten years later, EPA implemented regulations that

included dioxin reductions, as part of the Cluster Rule.

The Cluster Rule
In 1998 the EPA promulgated the first integrated, multi-media regulation — known as the
“cluster rule” (CR) — to protect human health by reducing the pulp and paper industry’s toxic

releases into the air and water. The Cluster Rule was scheduled to take effect (for the most part)
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three years later, in April 2001. By promulgating both air and water regulations at the same time
EPA allowed pulp and paper mills to consider multiple regulatory requirements at one time,
hoping to reduce the aggregate regulatory burden on the mills. The more stringent (technology
based) air regulations in the CR call for substantial reductions in hazardous air pollutants (reduce
by 59%), sulfur (47%), volatile organic compounds (49%) and particulate matter (37%). The
more stringent (technology based) water regulations in the CR call for a 96% reduction in dioxin
and furan, and a 99% reduction in chloroform. EPA estimates that approximately 490 pulp and
paper mills are subject to the new CR air regulations. Furthermore, any pulp and paper mill that
has the potential to emit ten tons per year of any particular hazardous air pollutant (HAP) or an
aggregate of 25 tons per year of all HAPs is subject to the even more stringent maximum
achievable control technology (MACT) standards for HAPs, under the National Emission
Standards for Hazardous Air Pollutants (NESHAP). EPA estimated that 155 of the 490 affected
pulp and paper mills would be subject to the new MACT standards. Finally, pulp and paper mills
that chemically pulp wood (96 of the 155) are also required to meet a new set of effluent
standards, defined as best available technology economically achievable (BAT) standards. These
effluent standards are to take effect when the plant’s water pollution discharge permit is
renewed, which spreads the effective date out over several years (since many water permits last
for five years). Thus we have a set of regulations affecting multiple pollution media, with
different sets of plants facing different stringency on the different media, with some of the
stringency changes occurring at different times for different plants. This allows us multiple

dimensions along which to test the impact of the Cluster Rule.
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3. LITERATURE REVIEW

Much of the empirical research on the impact of environmental regulation has focused on
the effect of reported pollution abatement costs on productivity.® However, there is a growing
literature, including studies by Magat and Viscusi (1990), Gray and Deily (1996), Laplante and
Rilstone (1996), Nadeau (1997), Shadbegian and Gray (2003,2006), Earnhart (2004a,2004b),
Schimshack and Ward (2005), and Gray and Shadbegian (2005,2007), which examines the
environmental performance of polluting plants with respect to conventional air and water
pollutants. Some studies have focused on the effectiveness of enforcement activities (mainly
carried out by the states) in terms of raising compliance rates or lowering emissions. Gray and
Deily (1996) and Gray and Shadbegian (2005) find that plants that face greater levels of air
enforcement activity by regulators have higher compliance rates, while Nadeau (1997) finds
these plants spend less time in non-compliance. In terms of the impact of water regulations,
Magat and Viscusi (1990) and Laplante and Rilstone (1996) find that greater levels of water
pollution enforcement activity result in lower water discharges. Furthermore, Shimshack and
Ward (2005) find that one additional fine in a state for violating a water standard leads to
roughly a two-thirds reduction in the statewide violation rate in the following year, suggesting
that the regulator’s enhanced reputation has a general deterrence effect leading to increased
environmental performance at other plants in the state as well as at the fined plant. Earnhart
(2004a) analyzes the impact of EPA regulations on the level of environmental performance of
municipal wastewater treatment facilities in Kansas finding that the threat of federal inspections
and enforcement action and the threat of state enforcement action significantly increase

environmental performance. In a second study, Earnhart (2004b) finds that both income of a

® Research on the productivity effects of environmental regulation include Denison (1979), Gollop and
Roberts (1983), Barbera and McConnell (1986), Gray (1986, 1987), Boyd and McClelland (1999),
Berman and Bui (2001), Gray and Shadbegian (2002, 2003), and Shadbegian and Gray (2005,2006).
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community and its political activism tend to significantly reduce discharge rates of municipal
wastewater treatment plants in Kansas.

Shadbegian and Gray (2003) perform a more detailed examination of the environmental
performance of 68 pulp and paper mills, finding that air emissions are significantly lower at
plants: which have a larger air pollution abatement capital stock; which face more stringent local
regulation; and which have higher production efficiency. Furthermore, they find a negative
residual correlation between emissions and efficiency, providing evidence that plants which are
more efficient in production are also more efficient in pollution abatement.

Shadbegian and Gray (2006) examined the impact of regulatory stringency on plants in
the pulp and paper, steel, and oil industries and find that plants facing more local regulatory
stringency had better (air and water) environmental performance. Finally, Gray and Shadbegian
(2007) examine spatial factors affecting environmental performance of polluting plants,
measured by air emissions and regulatory compliance. They find that increased regulatory
activity has significant effects for compliance, but for not emissions. In particular, they find that
increased regulatory activity has the expected effect of increasing compliance with air
regulations, both at the inspected plant and at neighboring plants, but only for plants operating in

the same state, indicating the importance of jurisdictional boundaries.

In addition to the large literature that now exists on the impact of regulation on the
environmental performance of polluting plants with respect to conventional pollutants there is a
growing literature which examines the impact of different EPA programs and community
characteristics on toxic emissions. For example, Khanna and Damon (1999) find evidence that
participation in EPA’s voluntary 33/50 Program (a program under which facilities volunteered to

decrease a certain specified set of their toxic releases by 33% by 1992 and 50% by 1995 relative



to their 1988 levels) led to a significant decline in these toxic releases over the period 1991-93.
On the other hand, Bui (2005) examines whether or not TRI induced public disclosure
contributed to the decline in reported toxic releases by oil refineries. Bui finds some evidence
that the public disclosure provisions of TRI may very well have caused some reductions in
reported TRI releases. However she also finds evidence that reductions in toxic releases are a
byproduct of more traditional command and control regulation of emissions of non-toxic
pollutants.

In two additional studies which belong to the so-called environmental justice (EJ)
literature, Arora and Cason (1999) and Wolverton (2002) examine the impact of community
characteristics on toxic emissions. Arora and Cason, analyzing 1993 TRI emissions, find
evidence race is significantly positively related to TRI releases, but only in non-urban areas of
the south. Wolverton (2002) finds larger TRI reductions in minority neighborhoods than in non-
minority neighborhoods in Texas, precisely the opposite of the assertions of many earlier entries

in the EJ literature.

4. DETERMINANTS OF ENVIRONMENTAL PERFORMANCE
An individual manufacturing plant faces costs and benefits from complying with
environmental regulation, depending on characteristics of the plant, the firm which owns the
plant, and the regulatory stringency it faces. Given these constraints, the firm operating the
plant maximizes profits, choosing to comply if the benefits (lower penalties, better public image)
outweigh the costs (investment in new pollution control equipment, managerial attention).

Regulators, in turn, allocate enforcement activity to maximize their objective function (political
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support, compliance levels, emissions reductions), taking into account the expected reactions of
the firms to that enforcement.

There are substantial differences in pollution problems across different manufacturing
plants. Difficulties in compliance might be related to a plant's production technology at the plant
(e.g. pulp mills versus plants which buy pulp) or the plant's age or size. Differences in
compliance behavior might also be related to the plant's productivity (proxying for economic
performance and management ability). The impact of most of these plant characteristics on
environmental performance could go either way: older plants might find it harder to comply with
new stricter standards, but could be grandfathered; larger plants might enjoy economies of scale
in pollution abatement compliance, but could also have more places that something could go
wrong.

The expected direct benefit the plant receives from compliance is the avoidance of
penalties. Therefore a plant's decision to comply depends on both the magnitude of the penalty
and the probability of being caught in noncompliance; the latter depends on the amount of
enforcement activity faced by the plant.

Environmental performance may also depend on characteristics of the firm which owns
the plant, such as its financial condition. Pollution abatement can involve sizable capital
expenditures, which may be more easily raised by more profitable firms. Firms with reputational
investments in the product market may face an additional incentive not to be caught violating
environmental rules, if their customers would react badly to the news. Firms might also differ in
the quality of the environmental support that they offer their plants. A large firm, specializing in
one of the highly regulated industries, is likely to have economies of scale in learning about what

regulations require, and may be in a better position to lobby regulators on behalf of their plants.

10
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We cannot measure the strength of a company's environmental program, but may see some effect
of firm size. In sum, a plant’s compliance status depends on plant characteristics and firm
characteristics, and the level and efficacy of enforcement activity directed towards it.

Based on the above discussion, we estimate a model of plant environmental performance:

Zowt = fi CLUSTER i, STATEj, CLUSTERy*STATEj, Xpt, Xit, YEAR, Upic)

Here Z« measures the environmental performance of plant p at time t along dimension K,
including emissions of different air and water pollutants, possibly conventional as well as toxic
(note that in this context, higher values of Z would represent poorer performance, so we’d expect
negative coefficients on terms that improve performance). CLUSTER: is a measure of the
stringency of the Cluster Rule related regulations faced by different plants at different times,
which is expected to raise environmental performance (in its simplest form, CLUSTER could be
a time dummy, turned on in 2001). STATE;; is an index of how rigorously a state is expected to
enforce environmental regulations, which is also expected to raise environmental performance.
The CLUSTER*STATE interaction term allows us to test whether stricter state regulatory
agencies have been differentially affected by the Cluster Rule. This effect could go either way.
Plants in states with preferences for strong environmental regulation might have already
implemented some of the Cluster Rule requirements, and would therefore show less of an impact
from the Cluster Rule on their performance, and a positive coefficient on the interaction.
Alternatively, if stricter states are always looking for ways to increase regulatory stringency, the
requirements of the Cluster Rule might provide those states with further regulatory tools,
allowing them to become even stricter and resulting in a negative coefficient on the interaction.

The model also includes characteristics of the plant (Xp) and firm (Xs), year dummies (YEAR;)
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to allow for changes in environmental performance or its definition over time, and other
unmeasured factors (Upk:).

We supplement our basic analyses of the impact of the Cluster Rule on various
measures of emissions, with a seemingly unrelated regression (SUR) model. This allows us to
test for correlations between the unexplained variation in different environmental performance
measures, particularly for correlations across pollution media: air and water pollutants, and toxic
and conventional pollutants. We would generally expect to find positive correlations across
pollutants, as unobserved factors (such as management ability or local regulatory pressures) lead
a plant to do better (or worse) than expected on a wide range of pollutants, but it’s possible that
some plants are able to substitute one type of pollution abatement for another when redesigning

their production process.

5. DATA AND EMPIRICAL METHODOLOGY

This study examines the impact of the Cluster Rule on pollution emissions for a wide
range of pollutants, as well as testing whether the gap in environmental performance across
plants regulated in different states has been shrinking or growing as a result of the Cluster Rule.
We control for a number of other factors shown in previous research to affect plant
environmental performance, including plant- and firm-level characteristics. We also include a
number of other control variables designed to capture characteristics of the location of the mill
that could influence the level of regulatory activity it faces.

In past studies we developed a comprehensive database of U.S. pulp and paper mills to
study the impact of environmental regulation on plant-level productivity and investment. This

database includes published plant-level data from the Lockwood Directory and other industry
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sources to identify each plant's production capacity (both pulp capacity and paper capacity), age,
production technology, and corporate ownership. We add financial data taken from Compustat,
identifying firm profitability and firm size.

Our pulp and paper mill data is merged with annual plant-level information on quantities
of pollution for both air and water pollution and for conventional and toxic pollutants. The
EPA’s Toxic Release Inventory (TRI) database provides annual information on the amount and
type of releases of a wide range of hazardous substances. Given that the Cluster Rule focuses on
reducing toxics, we defined our sample of plants in large part as those appearing in 10
consecutive years of TRI data, from 1996 to 2005, providing us with 5 years before and 5 years
after the Cluster Rule implementation in 2001. This requirement (and a few restrictions for
availability of other key variables) results in a sample of 150 plants. We aggregate the TRI data
to create four measures of toxic pollution: total on-site releases (including air, water,
underground injection, and other land releases), air releases, water releases, and releases of
chloroform.’

Our measures of conventional air and water pollutants come from other EPA databases.
The EPA’s Envirofacts and Integrated Data for Enforcement Analysis databases provide
information on water pollution discharges for Biochemical Oxygen Demand (BOD) and Total
Suspended Solids (TSS), covering the period from 1996 to 2002. Air pollution emissions data
for particulates (PM10), volatile organic compounds (VOCs), and sulfur dioxide (SO,) come
from the National Emissions Inventory for 1996-1999 and 2002. There is not perfect overlap
between the set of plants we obtained from the TRI and these databases, so our measures of

conventional pollutants are only available for a subsample of the data.

" Of the different chemicals targeted by the Cluster Rule, only chloroform has been recorded in the TRI
for a sufficiently long time to be included in our analysis (dioxin and related compounds were not added
to the TRI until 2000, by which time many plants had already achieved their reductions).
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Testing for an impact of the Cluster Rule requires us to identify which plants are affected
by which parts of the rule, and at what time. All of the plants in our analysis are covered by the
most general part of the Cluster Rule, which calls for reductions in releases of air toxics,
beginning in April 2001. EPA also published a list identifying the 155 plants with sufficiently
large emissions of hazardous air pollutants to qualify for the MACT standards, and a list
identifying the 96 of those plants that would face the BAT water standards. We linked those lists
to the 150 plants in our database, identifying 105 MACT plants and 65 BAT plants. Because the
stricter water regulations for a given BAT plant become effective when that plant renews its
water discharge permit, we use water permit date information from the Envirofacts database to
assign an effective date for each BAT plant (EFFECTIVE BAT). The requirements for MACT
plants come into place in 2001, so the indicator for that regulation (EFFECTIVE MACT) is
turned on in 2001.

We also need a measure of regulatory stringency at the state level, to test whether the
Cluster Rule has tended to increase or decrease the differences in stringency across states. For
this we rely on an index of the political support for environmental regulation within a state,
based on the pro-environment voting of its Congressional delegation (GREEN VOTE). These
data are collected and reported by the League of Conservation Voters. They provide
considerable explanatory variation both across states and over time, and we have used this
variable extensively in earlier research.

6. RESULTS

Table 1 presents descriptive statistics for our data. The average plant in our sample

reports nearly a million pounds of toxic releases annually, of which the majority are air toxics.

As noted earlier, most of the dioxin-related substances were not included in the TRI until 2000,
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so we focus on releases of chloroform as an indicator of activity that might generate dioxin.®
Releases of chloroform are relatively rare, with only about one-fifth of the sample reporting any
chloroform releases; this number shrank rapidly during the years between 1996 and 2005.

The 5-year-change versions of the dependent variables identify the growth (or decline) of
toxic releases and other pollutants over a five-year period, designed to identify trends in
pollution across the time when the cluster rule was implemented. Total toxic releases at the
average plant declined by about 30 percent over five years, with air toxic releases declining by a
somewhat larger amount and water toxic releases increasing. There was also a huge decrease in
releases of chloroform, which was one of the targets of the Cluster Rule, as we observed earlier.
In terms of conventional pollutants, we saw declines of about 20 percent for water pollutants,
with larger declines for sulfur dioxide and increases for particulates and VOCs.

Our initial analysis of the toxic release data is presented in Table 2. Most of the variables
in the model show significant effects and generally have the expected signs, although this is less
often true for chloroform releases, which also has the lowest R-squared. A one standard
deviation change in our measure of state-level political support for regulatory stringency,
GREEN VOTE, is associated with a 20 percent decline in toxic releases, and about twice as large
a decline in chloroform. Plant characteristics are significant, as expected, with larger pulping
plants and kraft mills having more toxic releases. On the firm side, more profitable firms show
generally lower releases, although larger firms do not have lower releases, as we might have
expected if larger firms provide more compliance assistance to individual plants. Plants located

within 50 miles of a state border have higher air and total releases, while plants located in a non-

& Chlorinated toxic pollutants including dioxins, chloroform, and furans are byproducts of the elemental
chlorine bleaching process, being created when elemental chlorine and hypochlorite react with the lignin
in wood.
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attainment county (with respect to ambient particulates) have lower releases. Plants located in
poor neighborhoods tend to have more releases, while those in highly-educated neighborhoods
have fewer releases.

Our focus in Table 2 is on the pattern of the year dummies, to see whether toxic releases
in the years after the cluster rule is implemented appear significantly different (and lower) from
toxic releases in the years before implementation. Of all the toxic measures, the air toxic model
comes the closest to this pattern; the results for the total toxic model are similar, not surprising
since air toxics are the largest component of total toxics in our sample. We observe a large drop
in releases in 2001 relative to 2000, with relatively little variation on either side of the
implementation point. What variation there is fits a relatively quick adjustment period - a bit of a
downturn starting in 2000 and continuing into 2002. A statistical test for coefficient equality
shows essentially no difference for the coefficients within each period, and a noticeably larger
difference across the periods (marginally significant for total emissions). By contrast, the
chloroform releases show a substantial downward trend from the start of the pre-cluster period,
with a leveling-out (at much lower levels) in the post-cluster period. We find significant
differences within the pre-cluster period and between the periods, but not within the post-cluster
period. This is consistent with paper manufacturers taking steps during the 1990s to phase out
their use of chlorine bleaching, even before the cluster rule took effect.

Table 3 presents the results of an analysis with a more nuanced model of the impacts of
the cluster rule on toxic releases (we omit a discussion of the coefficients on the control
variables, which are similar to those seen in Table 2). Although we anticipate a general increase
in regulatory stringency around the implementation date, different plants face different degrees

of stringency, and there is some variation in the timing. Along the stringency dimension, we
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have some plants facing MACT air standards and/or BAT water standards, while others do not.
Along the timing dimension, the more stringent water standards were to be implemented when a
plant renewed its water discharge permits. ldentifying the impacts of these regulatory
differences is complicated, because the regulatory stringency depends on the level of releases
from the plant, with the more stringent MACT rules applying to plants emitting relatively large
amounts of toxics. We therefore include dummy variables indicating a plant’s eligibility for the
MACT or BAT rules in all the years of the data analysis, along with dummy variables
(EFFECTIVE-MACT and EFFECTIVE-BAT) indicating when that part of the cluster rules
became effective for that plant.

The pattern of year dummies is similar to that found in Table 2. Since we are controlling
separately for the MACT and BAT standards, this indicates that other plants in the paper
industry, not affected by MACT or BAT also made considerable reductions in air, chloroform,
and total releases over this time period. As expected, the MACT and BAT dummies are
significantly positive in the air and water toxic equations, reflecting the targeting of those
additional requirements towards the largest sources within the industry. The measures of the
impact of additional regulatory stringency, EFFECTIVE MACT and EFFECTIVE BAT, show
weaker results. The EFFECTIVE MACT measure actually shows an increase in toxics following
the implementation date. The EFFECTIVE BAT measure does show a decrease of about 30
percent in water toxics, but this is not significant.

An alternative approach to measuring the impact of the implementation is shown in Table
4, where we move to an analysis of 5-year-changes in toxic releases. Here we calculate the
change in log releases over a five-year period, hopefully smoothing out some of the year-to-year

fluctuations in releases and concentrating on medium-run changes that reflect improvements in
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plant operating procedures or investments in pollution abatement activity. The analysis includes
five observations per plant for the 2001-2005 releases, each measured relative to the releases
from five years earlier, 1996-2000. The intercept terms reflect the declines over the period in all
the releases (except water releases). Again, we see an unexpected positive sign for plants
covered by the MACT air regulation, suggesting that they are reducing their air toxic releases by
less than other, non-MACT plants. The BAT water regulations are associated with a greater
reduction in water toxics than that achieved by plants facing less stringent regulation.

Another coefficient of interest in Table 4 is GREEN VOTE, reflecting differences in the
amount of toxic reductions achieved by plants in states with different political support for
stringent regulations. This coefficient is positive in all models, and significant for air and total
toxics. The coefficient found on GREEN VOTE for air toxics here (+0.012) is comparable in
magnitude to that found in Table 1 (-0.015). Taken together, these results suggest that plants
located in states with more political support for strict environmental regulations achieved lower
levels of toxic releases in the years before the cluster rule was implemented, but that plants
located in other, less stringent states, have tended to catch up, at least in part, after the cluster
rule was implemented.

In Tables 5 and 6 we turn our attention to discharges of conventional air and water
pollutants, considering three air pollutants (PM10, SO2, and VOC) and two water pollutants
(BOD and TSS). While conventional pollutants are not directly addressed by the cluster rule,
EPA had suggested that the steps taken under the cluster rule to reduce air toxic releases could
also lead to some reductions in other air pollutants, most notably particulates and VOCs. We
defined our dataset based on having complete toxic release data, not complete air and water

pollution data, so the analyses here are being done on subsamples of our plants. We have 144
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plants with a total of 599 plant-years of air pollution data and 107 plants with 749 plant-years of
water pollution data; the water pollution data came with complete 1996-2002 data for each plant,
while the air pollution data came in two sets, one for 1996-1999 and the other for 2002, with
incomplete overlaps between them, so that we can calculate long changes in the air pollution
measures for only 104 plants.

The various control variables in Table 5 show impacts that are broadly similar to those
found earlier for toxic releases. Both air and water pollution levels are significantly lower in
states with more support for regulatory stringency, as measured by GREEN VOTE: a one
standard deviation higher GREEN VOTE value is associated with 20-50 percent lower levels of
emissions. Plant characteristics are again significant, with larger pulp mills showing higher
pollution levels. Firm characteristics are less significant, and the plant location and
demographics variables for water pollution are more consistent with those found for toxics, with
plants near state borders and in poor or less well-educated neighborhoods having higher
pollution levels.

Turning to the impact of the cluster rule, in Table 5 we apply an analysis similar to that
used in Table 3, although our ability to measure any effects is hampered by limited data in the
post-cluster period - a single year (2002) for air pollution and only two years (2001-2002) for
water pollution. In addition to year dummies, we also include the detailed measures of which
plants were affected by different regulatory stringencies under the cluster rule and at different
times. Unlike the results we found for toxic releases, there are no significantly negative year
dummies for any of the air or water pollutants. In fact, the water pollutants seem to be
decreasing over the years while the air pollutants are staying the same or increasing, the opposite

of what we found for toxics.
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Looking at the more detailed measures, MACT and BAT plants have higher emissions of
conventional pollutants to go with their higher emissions of toxic pollutants. This relationship is
strongest for particulates and VOCs in MACT plants, which provides indirect support for EPA’s
suggestion of where to look for a toxic-conventional link. In fact, we have some direct evidence
of an effect in this area with the negative coefficients on EFFECTIVE MACT, although these
effects are not significant. For water pollutants, the corresponding coefficients are positive,
though again not significant.

These indications of a connection between the cluster rule and reductions in conventional
pollutants do not carry over to the analysis of long differences in air and water pollution
presented in Table 6. Here all of the detailed regulatory stringency measures have positive
coefficients. Few of the other coefficients are significant, although the reduction in air pollutants
seems to be smaller at plants in states that have more political support for regulation, again
suggesting that further reductions may be more difficult to achieve in those states.

Finally, we examine the relationship between different pollutants at the same plant, both
in terms of levels and changes over time. Table 7 shows the results of a seemingly unrelated
regression analysis focusing on the toxic release data for air, water, and chloroform. We see a
significant set of correlations across the residuals from the different equations. This suggests the
presence of unmeasured factors influencing the different pollutants in the same direction,
perhaps including the quality of plant management or local pressures from regulators and plant
neighbors. When we turn to the changes in air, water, and chloroform releases over a five-year
period, we continue to find a significant positive correlation between unexplained changes in air
and water releases (and a significant overall correlation among the residuals), but changes in

chloroform releases are no longer strongly related to air and water changes.
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Because our data for conventional air and water pollutants is only available for a
subsample of our plants, we chose to maintain our sample size by estimating each model
independently of the others, calculating the residual, and then looking for correlations across the
residuals for different pollutants at the same plant. Table 8 shows the correlations for the levels
of toxic and conventional pollutants. We find consistently positive, and generally significant,
correlations across all the pollutants. The results for the changes, in Table 9, are somewhat
weaker, but still show positive relationships in most cases. This suggests that plants with greater

than expected reductions in one pollutant also have unexpected reductions in other pollutants.

7. CONCLUDING REMARKS

In this paper we examine the impact of the Cluster Rule on the environmental
performance of plants in the pulp and paper industry. This was EPA’s first integrated, multi-
media regulation, announced in 1997, promulgated in 1999, and effective in 2001 (with some
variation in effective date, as described above). Using a sample of 150 pulp and paper mills, we
test for changes in emissions of toxic pollutants. We find significant reductions in total toxics
and air toxics around the time that the CR was implemented, though not for water toxics. These
reductions in air and total toxics are highly concentrated around the time of implementation, with
little evidence of anticipation or delay in responding to the implementation date. By contrast, the
very large reduction in chloroform releases begins well before the CR effective date, indicating
some anticipation of the new rules, possibly triggered by non-regulatory factors affecting the
industry, such as pressure from customers and environmental organizations to reduce dioxin.

When we examine the plant’s CR status in more detail, plants identified as facing stricter
CR rules, on either the air (MACT) or water (BAT) side, do not show consistently greater

reductions in those toxic releases. We find no evidence for large reductions in conventional
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pollutants around the CR implementation date, but do observe significant positive correlations in
residuals across the different pollutants, suggesting the presence of unmeasured factors that may
improve (or worsen) a plant’s environmental performance across the board.

Finally, we find some evidence that the differences across states in regulatory stringency
may have been lessened by EPA’s adoption of the CR. Plants located in states with more
political support for stringent regulation have lower toxic releases on average throughout the
period, but they have a smaller decline in toxic releases over time, as shown by our 5-year-
change analysis. This suggests that some of the reductions required by the CR had already been
implemented in high-stringency states, so the CR had a greater impact on plants in lower-
stringency states.

These results should be recognized as preliminary, based in part on the limitations of the
datasets being used here. We intend to expand the years of data on conventional air and water
pollutants incorporated in the analysis, to get a stronger test for reductions in those pollutants
after the CR was implemented. We also intend to test alternative measures of state regulatory
stringency, to get a better handle on how a regulatory structure under federalism responds to
changes in centrally-mandated stringency as new regulations are introduced. Finally, an
innovative provision in the CR is the ability of plants to opt into the Voluntary Advanced
Technology Incentives Program (VATIP), agreeing to further reductions (beyond those required
by the CR) in the future, but extending their effective compliance date beyond April 15", 2001.
We have not yet located a list of plants that joined the VATIP (despite several contacts with
EPA), but hope to add this information to the analysis, so we can get a more precise estimate of

the effective date of the CR for all affected plants.

22



REFERENCES

Arora S. and Cason, T.N.(1999.)Do Community Characteristics Influence Environmental
Outcomes? Evidence from the Toxic Release Inventory. Southern Economic Journal, 65,691-
716.

Barbera, A.J., McConnell, V.D., 1986. Effects of pollution control on industry productivity: a
factor demand approach. Journal of Industrial Economics 35, 161-72.

Berman, E., Bui, L.T., 2001. Environmental regulation and productivity: evidence from oil
refineries. Review of Economics and Statistics 83, 498-510.

Boyd, G. A., McClelland, J.D., 1999. The impact of environmental constraints on productivity
improvement in integrated paper plants. Journal of Environmental Economics and Management
38, 121-142.

Bui, L. T. M., 2005. Public Disclosure of Private Information as a Tool for Regulating
Environmental Emissions: Firm-Level Responses by Petroleum Refineriesto the Toxics Release
Inventory. Center for Economic Studies Working Paper 05-13.

Denison, E.P., 1979. Accounting for Slower Economic Growth: The U.S. in the 1970s, The
Brookings Institution, Washington DC.

Earnhart, D., 2004a. Regulatory factors shaping environmental performance at publicly-owned
treatment plants. Journal of Environmental Economics and Management 48, 655-681.

Earnhart, D., 2004b. The effects of community characteristics on polluter compliance levels.
Land Economics 80, 408-432.

Gollop, F.M., Roberts, M. J., 1983. Environmental regulations and productivity growth: the case
of fossil-fueled electric power generation. Journal of Political Economy 91, 654-74.

Gray, W.B., 1986. Productivity Versus OSHA and EPA Regulations, UMI Research Press, Ann
Arbor, MI.

Gray, W.B., 1987. The cost of regulation: OSHA, EPA and the productivity slowdown.
American Economic Review 77, 998-1006.

Gray, W.B., Shadbegian, R.J., 2002. Pollution abatement costs, regulation, and plant-level
productivity. In: Gray, W.B. (Editor), The Economic Costs and Consequences of Environmental
Regulation. Ashgate Publications, Aldershot, UK.

Gray, W.B. and M.E. Deily. 1996. Compliance and Enforcement: Air Pollution Regulation in the
U.S. Steel Industry. Journal of Environmental Economics and Management, 31, 96-111.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

23



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Gray, W.B., Shadbegian, R.J., 2003. Plant vintage, technology, and environmental regulation.
Journal of Environmental Economics and Management, 46, 384-402.

Gray, W.B. and R.J. Shadbegian. 2005. When and Why do Plants Comply? Paper Mills in the
1980s. Law and Policy, 27, 238-261.

Gray, W.B. and R.J. Shadbegian. 2007. The Environmental Performance of Polluting Plants: A
Spatial Analysis. Journal of Regional Science, 47, 63-84.

Helland, E.A. and Whitford, A.B. 2003. Pollution Incidence and Political Jurisdiction: Evidence
from the TRI. Journal of Environmental Economics and Management, 46, 403-424.

Laplante, Benoit and Paul Rilstone. 1996. Environmental Inspections and Emissions of the Pulp
and Paper Industry in Quebec. Journal of Environmental Economics and Management, 31,
19-36.

Khanna, M.and Damon, L.A. (1999). EPA's Voluntary 33/50 Program: Impact on Toxic
Releases and Economic Performance of Firms. Journal of Environmental Economics and
Management 37, 1-25.

Lockwood-Post Pulp and Paper Directory, Miller-Freeman Publishing Company, various issues.

Magat, W.A. and W. K. Viscusi. 1990. Effectiveness of the EPA's Regulatory Enforcement: The
Case of Industrial Effluent Standards. Journal of Law and Economics, 33, 331-360.

Nadeau, L.W. 1997. EPA Effectiveness at Reducing the Duration of Plant-Level
Noncompliance. Journal of Environmental Economics and Management, 34, 54-78.

Oates, W.E. 2001. A Reconsideration of Environmental Federalism. Resources for the Future
Discussion Paper 01-54.

Shimshack, Jay P. and Michael B. Ward. 2005. Regulator reputation, enforcement, and
environmental compliance. Journal of Environmental Economics and Management, 50, 519-540.

Shadbegian, R.J. and W.B. Gray. 2003. What Determines the Environmental Performance of
Paper Mills? The Roles of Abatement Spending, Regulation, and Efficiency. Topics in Economic
Analysis & Policy 3, http://www.bepress.com/bejeap/topics/vol3/issl/artl5

Shadbegian, R.J. and W.B. Gray. 2005. Pollution Abatement Expenditures and Plant-Level
Productivity: A Production Function Approach. Ecological Economics, 54, 196-208.

Shadbegian, R.J. and W.B. Gray. 2006. Assessing Multi-Dimensional Performance:
Environmental and Economic Outcomes. Journal of Productivity Analysis, 26, 213-234.

Sigman, H., 2003. Letting states do the dirty work: State responsibility for environmental
regulation. National Tax Journal, 56, pp. 107-122.

24



-
<
L
=
-
O
o
(@
L
>
—
- -
O
o
<
<
o
Ll
2
=

Sigman, H. 2002. 2005. Transboundary Spillovers and Decentralization of Environmental
Policies. Journal of Environmental Economics and Management, 50, 82-101.

U.S. Environmental Protection Agency. 1985. Soil Screening Survey at Four Midwestern Sites.
EPA 905/4-85-005. Environmental Services Division, Eastern District Office, Region V, U.S.
Environmental Protection Agency, Westlake, OH.

Wolverton, A. (2002). The Demographic Distribution of Pollution: Does neighborhood

Composition Affect Plant Pollution Behavior? U.S. Environmental Protection Agency, National
Center for Environmental Economics mimeo.

25



TABLE 1

DESCRIPTIVE STATISTICS
(N=1500 unless otherwise noted)

VARIABLE MEAN (STD DEV) {log mean,std} 5-YEAR-CHANGE
DEPENDENT VARIABLES

TOTAL AIR EMISSIONS® 761863.4 (851008.4) {12.35,2.57} {-0.379,1.6}
Total toxic air emissions (in pounds)

TOTAL WATER EMISSIONS? 57229.2 (149833.0) {8.15,4.06} {0.383,2.5}
Total toxic air emissions (in pounds)

CHLOROFORM® 67861.8 (69465.7) {2.26,4.39} {-2.648,4.7}
Total Chloroform emissions (in pounds)

TOTAL TRI EMISSIONS® 914882.9 (984479.9) {12.71,2.12} {-0.287,1.3}
Total toxic emissions (in pounds)

PM10 (N=599)a 488.3 (625.8) {5.20,1.85} {0.147,1.2}
Tons of particulate emissions per year

SO, (N=599)a 2409.7 (3905.8) {6.49,2.24} {-0.321,1.8}
Tons of sulfur dioxide emissions per year

VOCS (N=599)a 686.8 (879.6) {5.66,1.60} {0.366,1.7}
Tons of volatile organic compound emissions per year

BOD (N=749)a 4784.8 (5007.7) {7.86,1.31} {-0.193,0.8}
Biological oxygen demand discharged

TSS (N=749)a 7308.1 (8813.6) {8.22,1.36} {-0.191,1.0}
Total suspended solids discharged

EXPLANATORY VARIABLES

MACT 0.7 (0.5)
Dummy variable =1 for plants which nust install naxi num avail able control technol ogy
to abate toxic air em ssions

EFFECTI VE- MACT 0.35 (0.5)
Dumry variable =1 for MACT plants after 2000

BAT 0.43 (0.5)
Dumry variable =1 for plants which nmust install best avail abl e technol ogy
to abate toxic water rel eases

EFFECTI VE- BAT 0.25 (0.4
Dumry variable =1 for BAT plants with timng based on date of plant’s water permt
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TABLE 1 (cont)

GREEN VOTE 43.12 (22.05)
State pro-environnent Congressional voting (League of Conservation Voters)

KRAFT 0.59 (0.49)
Dummy variable =1 for plants which use the kraft pulping process

PULP CAPACITY? 761.4 (724.4) (4.92,3.04)
Plant capacity - tons of pulp per day

PAPER CAPACITY? 831.9 (724.6) (5.40,2.71)
Plant capacity - tons of paper per day

OLD PLANT 0.63 (0.48)
Dummy variable =1 for plants opened before 1960

RETURN ON ASSETS 0.81 (2.61)
Firm’s rate of return on assets (Compustat)

EMPLOYMENT 20.74 (31.97)
Firm’s number of employees in 1000”s (Compustat)

BORDER PLANT 0.27 (0.44)
Dummy =1 for plants located within 50 miles of a state border

POOR 0.16 (0.06)
Fraction of the population within 50 miles of the plant living below the poverty line

COLLEGE 0.16 (0.04)
Fraction of the population within 50 miles of the plant who graduated from college

NONTSP 0.23 (0.42)
Dummy variable =1 for plants located in non-attainment area for TSP

a = measured in logs in the regressions; in some analyses measured in 5-year-changes
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TABLE 2
BASIC TRI MODELS (N=1500)

DEPVAR TOTAL AIR  TOTAL WATER CHLOROFORM TOTAL TRI
EMISSIONS EMISSIONS EMISSIONS EMISSIONS

CONSTANT  11.107 3.872 6.320 11.281
(22.66) (4.79) (6.61) (29.49)
GREEN VOTE -0.015 -0.009 -0.024 ~0.010
(-4.80) (-1.71) (-3.87) (-4.12)

PLANT CHARACTERISTICS

KRAFT 1.136 0.574 0.057 0.957

(6.84) (2.09) (0.18) (7.39)
PULP 0.226 0.503 0.203 0.229
CAPACITY  (8.25) (11.08) (3.79) (10.71)
PAPER 0.069 -0.269 -0.357 0.007
CAPACITY  (2.97) (-7.03) (-7.91) (0.37)
OLD PLANT  0.130 -0.333 0.854 -0.128

(1.09) (-1.70) (3.68) (-1.38)

FIRM CHARACTERISTICS

RETURN ON  -0.031 -0.10 0.10 ~0.042
ASSETS (-1.39) (-2.69) (2.28) (-2.42)
EMPLOYMENT ~ 0.151 0.271 -0.704 0.128

(2.20) (2.39) (-5.26) (2.39)

PLANT LOCATION AND DEMOGRAPHICS

‘:I BORDER 0.569 0.194 ~0.103 0.420
w STATE (4.68) (0.96) (-0.44) (4.43)
::. POOR 1.677 13.267 2.732 2.550
(1.24) (6.02) (1.04) (2.42)
=t

T COLLEGE ~4.916 3.222 4.484 ~2.267
(-3.56) (1.41) (1.66) (-2.10)
O NONTSP -0.340 1.753 -0.498
u (-2.54) (6.72) (-4.78)

q PRE-CLUSTER RULE
y1997 -0.035 0.412 -0.190 0.109
¢ (-0.15) (1.06) (-0.41) (0.59)
0L y1998 ~0.060 0.803 ~0.340 0.084
| (-0.25) (2.06) (-0.74) (0.46)
y1999 ~0.067 0.775 -0.698 0.048
W (-0.28) (1.99) (-1.52) (0.26)
o] y2000 -0.20 0.630 ~1.419 -0.027
(-0.85) (1.61) (-3.09) (-0.15)

TABLE 2 (cont.)
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POST-CLUSTER RULE

y2001 -0.424 0.722 -2.578 -0.240
(-1.78) (1.83) (-5.53) (-1.29)
y2002 -0.464 0.815 -2.835 -0.275
(-1.96) (2.08) (-6.13) (-1.49)
y2003 -0.502 0.996 -2.982 -0.303
(-2.12) (2.54) (-6.46) (-1.64)
y2004 -0.419 1.103 -3.139 -0.223
(-1.77) (2.82) (-6.80) (-1.21)
y2005 -0.488 1.015 -3.287 -0.280
(-2.06) (2.59) (-7.12) (-1.52)
R? 0.387 0.327 0.203 0.452
F-TEST 1 0.21 1.43 2.95 0.19
F-TEST 11 0.05 0.33 0.72 0.06
F-TEST 111  0.12 1.35 16.89 1.65
NOTES:

(t-statistics in parentheses)

Al'l nodel s include a dumy variable M SSFIRM=1 for firms with mssing Conmpustat data.
F-TEST | tests for the equality of y1996-y2000

F-TEST Il tests for the equality of y2001-y2005

F-TEST |1l tests for the equality of y1996-y2005
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TABLE 3
EXENDED TRI MODELS (N=1500)

DEPVAR TOTAL AIR  TOTAL WATER CHLOROFORM TOTAL TRI
EMISSIONS EMISSIONS EMISSIONS EMISSIONS

CONSTANT  10.194 3.305 5.198 10.536
(21.15) (4.08) (5.53) (28.16)

MACT 1.585 -0.632 1.334
(8.71) (-1.61) (8.56)

EFFECTIVE  0.365 -0.596 0.350
MACT (1.68) (-1.27) (1.87)
BAT 1.192 3.823 -0.016
(4.41) (11.30) (-0.12)

EFFECTIVE -0.327 -3.390 -0.097
BAT (-1.02) (-8.42) (-0.60)
GREEN VOTE -0.009 -0.008 -0.024 -0.005
(-2.83) (-1.47) (-4.08) (-1.97)

PLANT CHARACTERISTICS

KRAFT 0.754 0.50 0.221 0.640

(4.67) (1.83) (0.70) (5.11)
PULP 0.109 0.429 0.118 0.134
CAPACITY  (3.89) (9.07) (2.14) (6.09)
PAPER 0.087 -0.234 -0.310 0.020
CAPACITY  (3.95) (-6.04) (-7.07) (1.12)
OLD PLANT  0.001 -0.391 0.805 -0.235

(0.01) (-2.00) (3.63) (-2.66)

FIRM CHARACTERISTICS

RETURN ON  -0.049 -0.104 0.091 -0.058
ASSETS (-2.29) (-2.84) (2.18) (-3.48)
EMPLOYMENT ~ 0.079 0.260 -0.721 0.066

(1.20) (2.31) (-5.63) (1.29)

PLANT LOCATION AND DEMOGRAPHICS
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BORDER 0.812 0.340 0.016 0.616
PLANT (6.91) (1.69) (0.07) (6.74)
POOR 3.262 14.109 2.817 3.832
(2.52) (6.44) (1.12) (3.81)
COLLEGE -3.826 3.614 4.543 -1.369
(-2.90) (1.59) .77 (-1.34)
NONTSP -0.239 1.536 -0.410
(-1.87) (6.15) (-4.13)
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TABLE 3 (cont.)

PRE-CLUSTER RULE

y1997 -0.076 0.403 -0.199 0.074
(-0.34) (1.04) (-0.46) (0.43)
y1998 -0.144 0.776 -0.201 0.020
(-0.64) (2.00) (-0.46) (0.12)
y1999 -0.122 0.765 -0.422 0.013
(-0.54) (1.97) (-0.96) (0.07)
y2000 -0.260 0.650 -0.825 -0.058
(-1.16) (1.66) (-1.86) (-0.33)

POST-CLUSTER RULE

y2001 -0.774 0.798 -0.922 -0.526
(-2.82) (1.94) (-1.73) (-2.47)
y2002 -0.798 0.910 -1.017 -0.543
(-2.93) (2.21) (-1.91) (-2.57)
y2003 -0.831 1.092 -1.162 -0.567
(-3.05) (2.65) (-2.19) (-2.68)
y2004 -0.752 1.198 -1.319 ~0.490
(-2.76) (2.91) (-2.48) (-2.32)
y2005 -0.818 1.110 -1.467 -0.544
(-3.00) (2.70) (-2.76) (-2.57)
R? 0.443 0.339 0.28 0.509

NOTES: see Table 2
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TABLE 4
TRI MODELS IN 5-YEAR-CHANGE FORM (N=750)

DEPVAR TOTAL AIR  TOTAL WATER CHLOROFORM TOTAL TRI
EMISSIONS EMISSIONS EMISSIONS EMISSIONS

CONSTANT  -1.933 0.760 -2.367 -1.693

(-3.71) (0.94) (-1.70) (-3.91)
EFFECTIVE  0.376 1.086 0.213
MACT (2.29) (2.24) (1.42)
EFFECTIVE -0.353 -4.510 -0.040
BAT (-1.74) (-11.94) (-0.34)
GREEN VOTE  0.012 0.001 0.011 0.010

(3.81) (0.14) (1.33) (3.84)

PLANT CHARACTERISTICS

KRAFT -0.249 -0.429 0.082 -0.168
(-1.37) (-1.52) (0.17) (-1.11)

PULP 0.034 -0.057 -0.216 0.056
CAPACITY  (1.10) (-1.17) (-2.54) (2.13)
PAPER -0.054 0.038 0.207 -0.059
CAPACITY  (-2.16) (0.96) (3.06) (-2.80)
OLD PLANT  0.375 0.213 -0.551 0.213
(2.94) (1.07) (-1.62) (2.01)

FIRM CHARACTERISTICS

RETURN ON  -0.121 -0.111 0.176 -0.104
ASSETS (-4.03) (-2.35) (2.19) (-4.17)
EMPLOYMENT ~ 0.090 -0.257 0.313 0.083

(1.24) (-2.24) (1.61) (1.37)

PLANT LOCATION AND DEMOGRAPHICS
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BORDER 0.420 0.424 0.522 0.291

PLANT (3.21) (2.06) (1.49) (2.66)

POOR 5.467 6.288 -8.029 4.856

(3.83) (2.85) (-2.10) (4.09)

COLLEGE -2.799 1.033 2.795 -0.871

(-1.88) (0.44) (0.70) (-0.70)

NONTSP -0.664 -1.509 -0.578

(-4.67) (-3.95) (-4.86)
POST-CLUSTER RULE

y2002 0.083 -0.387 0.339 -0.106

(0.47) (-1.39) (0.72) (-0.72)

y2003 0.130 -0.314 0.506 ~0.059

(0.73) (-1.12) (1.06) (-0.40)
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TABLE 4 (cont)

y2004 0.189 -0.114 0.616 0.053
(1.07) (-0.40) (1.30) (0.36)
y2005 0.256 -0.113 1.286 0.064
(1.44) (-0.40) (.71) (0.43)
R? 0.126 0.059 0.275 0.134

NOTES: see Table 2;
5-YEAR-CHANGE calculated as log(Yy) - 1og(Y¢s),
so only post-CR years 2001-2005 are included in the regression.
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CONVENTIONAL AIR/WATER POLLUTION EMISSION MODELS

TABLE 5

DEPVAR PM10 S0, VOCS
CONSTANT 4.383 8.059 5.395
(7.34) (10.52) (9.45)
MACT 0.775 0.202 0.656
(3.91) (0.79) (3.46)
EFFECTIVE  -0.481 0.132 -0.520
MACT (-1.45) (0.31) (-1.64)
BAT
EFFECTIVE
BAT
GREEN VOTE -0.018 -0.023 -0.020
(-4.30) (-4.28) (-5.04)
PLANT CHARACTERISTICS
KRAFT 0.415 0.582 0.499
(2.24) (2.45) (2.82)
PULP 0.211 0.30 0.065
CAPACITY  (6.16) (6.80) (1.98)
PAPER -0.071 0.006 0.016
CAPACITY  (-2.52) (0.16) (0.59)
OLD PLANT  0.114 0.540 -0.032
(0.81) (3.00) (-0.24)
FIRM CHARACTERISTICS
RETURN ON  -0.001 0.050 0.006
ASSETS (-0.04) (1.71) (0.28)
EMPLOYMENT ~ 0.097 0.192 0.031
(1.17) (1.80) (0.39)
PLANT LOCATION AND DEMOGRAPHICS
BORDER 0.145 -0.050 0.151
PLANT (0.98) (-0.26) (1.07)
POOR -0.957 -12.629 -1.318
(-0.62) (-6.41) (-0.90)
COLLEGE -0.903 -10.445 -0.780
(-0.56) (-5.01) (-0.50)
NONTSP -0.503 -0.113 0.169
(-3.07) (-0.54) (1.08)
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TABLE 5 (cont.)

PRE-CLUSTER RULE

y1997 0.036 0.10 0.072 0.066 ~0.003
(0.19) (0.40) (0.39) (0.48) (-0.02)
y1998 0.078 0.108 0.093 0.055 -0.017
(0.40) (0.43) (0.50) (0.40) (-0.11)
y1999 0.058 0.029 0.062 -0.003 -0.067
(0.30) (0.11) (0.33) (-0.02) (-0.45)
y2000 -0.054 -0.129
(-0.38) (-0.85)
POST-CLUSTER RULE
y2001 -0.103 -0.125
(-0.69) (-0.77)
y2002 0.527 -0.189 0.791 -0.148 ~0.205
(1.70) (-0.47) (2.67) (-0.98) (-1.26)
R? 0.39 0.319 0.259 0.425 0.384
0BS 599 599 599 749 749

NOTES: see Table 2
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TABLE 6
CONVENTIONAL AIR/WATER POLLUTION EMISSION MODELS
IN 5-YEAR-CHANGE FORM

DEPVAR PM10 S0, VOCS BOD TSS
CONSTANT  -1.384 -2.742 -1.398 -1.170 -1.436
(-0.95) (-1.56) (-0.81) (-2.33) (-2.36)
EFFECTIVE  0.051 1.332 0.056
MACT (0.11) (2.40) (0.10)
EFFECTIVE 0.161 0.208
BAT (1.29) (1.38)
GREEN VOTE  0.010 0.031 0.020 -0.001 -0.002
(1.07) (2.76) (1.83) (-0.43) (-0.40)
PLANT CHARACTERISTICS
KRAFT -0.032 0.338 -0.109 -0.191 0.077
(-0.07) (0.64) (-0.21) (-1.10) (0.36)
PULP -0.154 -0.176 -0.047 0.032 -0.003
CAPACITY  (-1.90) (-1.80) (-0.49) (1.11) (-0.08)
PAPER 0.116 0.128 0.033 0.006 0.033
CAPACITY  (1.69) (1.54) (0.40) (0.26) (1.12)
OLD PLANT  -0.236 -0.159 0.279 0.032 ~0.10
(-0.71) (-0.40) (0.70) (0.25) (-0.66)

FIRM CHARACTERISTICS

RETURN ON  -0.092 -0.091 0.029 0.013 0.040
ASSETS (-1.04) (-0.85) 0.27) (0.39) (0.96)
EMPLOYMENT ~ 0.074 -0.138 -0.039 0.190 0.212

(0.38) (-0.58) (-0.17) (2.49) (2.28)

PLANT LOCATION AND DEMOGRAPHICS

BORDER 0.713 0.262 -0.253 0.093 0.287
PLANT (1.94) (0.59) (-0.58) (0.71) (1.80)
POOR 4.713 6.817 6.809 0.743 0.096
(1.31) (1.57) (1.59) (0.54) (0.06)
COLLEGE 2.569 -1.198 0.497 0.867 1.948
(0.63) (-0.24) (0.10) (0.56) (1.04)
NONTSP 0.321 -0.597 0.148
(0.81) (-1.24) (0.31)
y2002 -0.034 -0.043
(-0.30) (-0.31)
R? 0.139 0.186 0.079 0.083 0.093
OBS 104 104 104 214 214
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NOTES: see Table 2, 4
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TABLE 7
SEEMINGLY UNRELATED REGRESSION MODELS: TRI
(CORRELATIONS OF RESIDUALS)
PANEL A: LEVELS
AIR WATER
WATER 0.1592
CHLOROFORM 0.1480 0.0492

Breusch-Pagan test of independence: chi2(3) = 74.526, Pr = 0.0000

PANEL B: 5-YEAR-CHANGE FORM

Correlation matrix of residuals:

AIR WATER
WATER 0.2246
CHLOROFORM 0.0075 -0.0263

Breusch-Pagan test of independence: chi2(3) = 38.404, Pr = 0.0000

TABLE 8
CORRELATIONS OF RESIDUALS: LEVELS

TR1 AIR TRl WATER CHLOROFORM PM10 S0z VOCS BOD
TRI WATER 0.1592*
CHLOROFORM 0.1480* 0.0492
PM10 0.3378* 0.1277* 0.0199
S0z 0.0821* 0.1441* 0.0053 0.4055*
VOCS 0.3086* 0.0490 0.0956* 0.3128* 0.1520*
BOD 0.2825* 0.2192* 0.1043* 0.2633* 0.0893 0.2381*
TSS 0.2533* 0.2293* 0.0010 0.2938* 0.1143* 0.1425* 0.8872*

* = significant at the 5% level or better

TABLE 9
CORRELATIONS OF RESIDUALS: 5-YEAR-CHANGE FORM

TR1 AIR TRI WATER CHLOROFORM PM10 S0z VOCS BOD
TRI WATER 0.2246*
CHLOROFORM 0.0075 -0.0263
PM10 0.1352 0.3606* 0.0449
SO2 0.2757* 0.3913* -0.1650 0.3235*
VOCS 0.1858 0.2020* 0.1389 0.4416* 0.4632*
BOD -0.0135 0.0557 0.2396* 0.3231* 0.0244 0.1472
TSS -0.0222 0.0016 0.2231* 0.1639 0.0080 -0.0143 0.8785*

* = significant at the 5% level or better
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The Persistence of Economic Factors in Shaping Regulation and Environmental
Performance: The Limits of Regulation and Social License Pressures.

Dorothy Thornton, University of California, Berkeley
Robert A. Kagan, University of California, Berkeley
Neil Gunningham, Australian National University

This paper draws on a research project that explores the regulation of air pollution from
heavy-duty diesel trucks, addressing two puzzles in the study of regulation:
(1) what factors affect the basic design of regulatory laws and programs?

(2) what accounts for variation across individual firms in environmental performance?

I. Why Trucks?

In explaining how regulatory programs are designed, one kind of theory, formalized by
Chicago School economists such as George Stigler (1971), is that regulatory laws are shaped by
well-organized business interests who use government regulation to limit competition and
capture economic rents at the expense of diffuse, unorganized interests. Some political
scientists have challenged that notion. They have shown that the political influences on
regulatory policy design are more variable. Not infrequently, for example, regulatory laws are
shaped by ideologically-motivated policy entrepreneurs who mobilize diffuse interests (Wilson,
1980), or who capitalize on the political opportunities that arise in the wake of widely publicized
disasters, scandals, or frightening research findings (Bardach & Kagan, 2002: 22-25; D. Vogel,
2004; Levine, 2006: 217-223).

At the level of individual firm behavior, the traditional economic theory has been that

business firms are “amoral calculators.” They spend time and money on complying with
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regulations only to the extent the threat of costly legal sanctions, discounted by the probability of
detection and punishment, outweigh the costs of compliance. And the implication of this theory
is that regulated firms will not spend money on achieving regulatory goals, such as

environmental protection, that are not required by law at all.

Sociolegal studies of regulation and compliance, on the other hand, have complicated the
“criminology of the corporation” (Kagan & Scholz, 1984), showing that compliance efforts are
not driven entirely by the risk of detection and punishment (Thornton, et al 2005), and indeed is
common even when enforcement risk is fairly remote. Many firms spend money on “beyond
compliance” environmental measures (Gunningham et al, 2003). To explain this, sociolegal
scholars have pointed to the role of social norms (Vandenbergh, 2003) and of “social license”
pressures — that is, pressures from employees, neighbors, activist organizations, and the news
media (Gunningham et al, 2005). Many managers, these and other studies have shown
(May,2004), are concerned about their own and their firms’ reputation for law-abidingness, or

being a good environmental citizen.

This research project was designed to explore the limits of such “social license” pressures
in shaping firm behavior. Our own previous research concentrated on highly visible, closely-
regulated industries — like large pulp and paper mills, and chemical companies — that have been
subject of a great deal of regulatory attention. We conjectured, however, that social license
pressures and corporate environmental management style (which we had found to be significant
variables) might be less important in settings involving smaller firms, with less economic

resources, and which receive less direct regulatory attention and social scrutiny. Those same
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factors, we hypothesized, would provide new insight into economic and political theories of

regulatory design.

To explore those ideas, we focused on the regulation of emissions from heavy-duty
diesel-powered trucks in the United States, and did so for several reasons. First, the trucking
industry constitutes a big, tough, and environmentally important regulatory target. Collectively,
the industry operates a huge, ubiquitous, fleet of mobile sources of pollution, and collectively,
their emissions are huge and particularly hazardous. Second, a large portion of the trucking
market is served by thousands of small trucking firms. We found, as shown in Figure 1, that in
2005, there were 336,000 heavy duty diesel trucks registered in the state of Texas; 38% of them
belonged to firms with no more than 30 trucks, and 24% were owned by 32,000 small
companies with 10 or fewer trucks. Many of these firms operate on small margins. Finally,
trucking companies, especially small trucking companies, have not been a major target of
environmental regulation or of environmental activist groups, so that social license pressures

presumably would be less salient.
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Figure 1: Texas Fleet Size Distribution (2005)
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I1. Research Design

Our basic research design was first, to use archival sources to trace the political evolution
of federal and state regulatory programs for diesel emissions. At the state level, we decided to
concentrate on two — Texas and California — both large states with seaports, and lots of truck
traffic, but with contrasting political climates, especially with respect to environmental policy in
general and vehicular air pollution in particular. We also gathered statewide data on state
programs and age of registered vehicles that enable us to compare overall progress in California

and Texas in reducing emissions from heavy duty diesel vehicles.

To study variation in firm level environmental performance, we conducted intensive case

studies of 16 small or medium sized trucking companies, 8 in Texas, 8 in California,
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interviewing company officials in their primary places of business about their operations,

motivations, and attitudes.

I11. Regulatory Context and Regulatory Design

There are approximately 3 million heavy duty diesel trucks in the US involved in
interstate commerce, and far more in intra-state commerce. They are the workhorses of the
economy. Diesel engines are powerful and very durable. A new heavy duty diesel truck today
costs in the neighborhood of $150,000, but a driver can buy an old one for $20,000 or less and
start his own business. Barriers to entry into the market, therefore, are very low. This generates
the economic contours of the regulatory context: a market for a vital service, but a market that
comes very close to perfect competition, with many small firms, intense price competition, and

low profit margins.

Then there are the environmental features of the regulatory context. The more diesel
emissions are studied, the more dangerous they turn out to be. California regulators found that
fine particulate matter (PM) in diesel emissions posed the highest risk of any air contaminant
they had examined. A study of post-menopausal women found that living in areas with high
levels of fine particulates had very substantial risk of death from cardiovascular problems.

'Reviewing the evidence, the California Air Resources Board (CARB) estimated that PM and

! Miller et al, 2007 found that in 2000, levels of PM2.5 exposure varied from 3.4 to 28.3 g per cubic meter (mean,
13.5). Each increase of 10 ug per cubic meter was associated with a 24% increase in the risk of a cardiovascular
event and a 76% increase in the risk of death from cardiovascular disease. UCLA researchers found “Children and
adults who suffer from asthma and live near heavy vehicular traffic are nearly three times more likely to visit the
emergency department or be hospitalized for their condition than those who live near low traffic density. For adults
with asthma, medium to high traffic exposure increases the likelihood of chronic symptoms by approximately 40%
to 80%. Moreover, living in areas of heavy traffic is a burden borne disproportionately by asthma sufferers who are
ethnic/racial minorities or from low-income households. The issue is more pronounced among children than adults
with asthma.” (Meng et al, 2006)
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another diesel engine pollutant -- NOx — are responsible for an average of 2,880 premature

deaths per year in California alone.

A. Federal Regulation

Faced with this regulatory task environment, what have Congress and the EPA done? First,
they imposed technology-forcing emissions-reduction standards on diesel engine manufacturers.
The Clean Air Act Amendments of 1990 instructed U.S. EPA to set maximum emissions for
heavy duty diesel engines Accordingly, as illustrated by Figure 2, EPA has periodically ratcheted
down the maximum NOx and dPM standards for new heavy-duty diesel engines. For instance,
1992 models had to have maximum particulate emissions that were 50% below the level of
engines produced in the 1980s; 1994 model years had to be still lower. 2007 model year engines
had to cut emission from 1980 levels by over 95%. To achieve the 2007 model year standard, a
new cleaner-burning diesel fuel was required, so EPA regulated oil refineries, compelling to

make that kind of fuel available by 2005.



Figure 2: Proportional Declines in Federal NOx and PM
Diesel Engine Emissions Limits (1980-2010) 2

On the other hand, neither Congress nor EPA has required owners and operators of heavy-
duty diesel trucks to scrap their old engines and use this gradually improving “best available
control technology.” In effect, older, dirtier trucks are “grandfathered in.” And remember,
diesel trucks last a long time. So while some companies will buy the greener new model year
trucks, there is no restriction on their selling the older trucks to other truckers, who can sell their
still older trucks to other trucking companies. Nor are operators of older engines subjected to any

legal incentives to scrap them, such as sharply higher annual license fees or taxes.

2 NOx emissions in 1993 — 1998 model years are shown 24% higher than the legal emissions limit, because most
truck manufacturers used software in the electronic engine control module of the truck engine to switch to a more
fuel-efficient (but higher NOXx) driving mode when the truck was not being operated under federal test conditions.
This resulted in a lawsuit charging the manufacturers of using “defeat devices.” The dispute was settled and
manufacturers in the resulting consent decree agreed to introduce engines meeting the 2004 standard in 2002.
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The federal regulations, in short, don’t deal with the obvious, hard problem — getting the
old, dirtier trucks off the road. How can we explain this obvious gap in the federal regulatory

scheme?

The Economic Problem. The standard “polluter pays” regulatory design is based on the
theory that the costs of engineering, purchasing and using best available technologies will be
passed on to the ultimate users of the products or service in question. Prices will then reflect all
the costs of production, including the internalization of environmental harm. But trucking
companies operate in a market that comes very close to perfect competition — profit margins are
very thin; firms are small, numerous, have little pricing power, and can’t coordinate price
increases; and hence can’t pass on the cost of new environmental control technology — new
engines — to their customers. And a large proportion of firms simply cannot come up with the
capital costs for the best available control technology (a new truck). The general lesson for
policymakers is that perfect competition of that kind jeopardizes the traditional “polluter pays”

regulatory strategy, especially in the face of expensive control technology.

The Political Problem. Consequently, banning old, heavily-polluting trucks (or
accomplishing the same through high fees or taxes) would destroy tens of thousands of small
businesses, in effect confiscating their sole business assets (on which many of them owe money).
It might also result in consolidation of ownership into a smaller number of trucking firms who
could finance the new trucks, and result in higher rates and shipping costs — precisely what the
deregulation of trucking in 1980 was designed to stop. Hence neither Congress nor the EPA was

close to being willing to face the political storm that would come from mandatory, rapid phasing-
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out of older, more polluting trucks. That was the case even though, by our rough calculations, the
aggregate national cost of replacing the diesel fleet — which would run into the billions of dollars
—is still less than the aggregate monetary benefits of lives saved by reduction of the dangerous

emissions.®

Contrary to standard theory, therefore, in terms of the politics of regulatory design, the
best-organized industries, with small numbers of very large corporations — motor vehicle engine
manufacturers and petroleum refiners — were subjected to demanding technology-forcing
regulations, and a diffuse industry with many very small firms was not forced to bear the
regulatory costs. Even the policy entrepreneurs on the environmental side did not seem to want
to go after them, because the political risks of driving many small entrepreneurs out of business
seemed too high. The sheer economic cost of compelling them to upgrade, it seems, was the

controlling factor -- an economic explanation, to be sure, but not the traditional economic theory.

One might imagine that large trucking firms would comprise a powerful political lobby for
regulatory mandates requiring rapid phase-out of old trucks, since big firms would be better able
to afford the new trucks and raise rates as thousands of small firms dropped out of the industry.

As best as we can tell, such a lobby has not materialized because many large trucking firms rely

% Here are our estimates for California:

Deaths per  Number Cost of premature

year of years death Total Cost

3,000 10 $2,000,000 $60,000,000,000
Trucks in Cost to replace a

California truck Total Cost
250,000 $150,000 $37,500,000,000

If a new best-pollution technology model currently costs approximately $150,000, replacing the approximately 3
million heavy-duty diesel trucks nationally would cost $450 billion.
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primarily on subcontracts with small truckers — and those large firms’ costs could be expected to
increase sharply if their subcontractors were required to buy new green trucks (and their ranks
were sharply depleted). Put another way, the American Trucking Association, dominated by
large firms, was divided between members who profited from the intense competition among

smaller trucking firms with cheaper, older trucks, and those that didn’t.*

B. Delegating the Problem to the States

Faced with the economic and political problems discussed above, what did the federal
government do to accelerate the phasing-out of old trucks?. First and foremost, it passed the
problem on to state governments. In 2002, after much political contention and litigation, EPA
sharply tightened National Ambient Air Quality Standards (NAAQS) for ozone and fine
particulates. NOx, a precursor of ground-level ozone, is one of the major emissions of diesel
engines, and diesel trucks are a major source of NOx and particulates. Pursuant to the Clean Air
Act, state governments must file with EPA state implementation plans (SIPs), showing how they
will attain the NAAQS. After the new standards were promulgated, therefore, EPA could
pressure state governments that couldn’t meet the new PM and ozone standards to do more to
phase out the older, more polluting diesel engines. EPA’s regulatory stick in that regard is its
legal authority to cut off federal highway funds to states that don’t meet their SIP air quality

goals.”

* See generally Levine (2006) (noting that deregulation typically makes firms in an industry more diverse,
and hence likely to have different policy goals).

® The threat is real enough that in states with “non-attainment areas,” state bureaucrats work hard to
achieve what is called “transportation conformity,” constantly estimating total emissions from
transportation sources and searching for regulations that will reduce those total vehicle-generated
emissions.
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Additionally, the federal government offered carrots rather than sticks. States were
offered federal funding for carefully formulated plans that would provide substantial financial
subsidies for vehicle owners who purchased new cleaner vehicles (either new diesel engines or

alternative fueled vehicles) and retired (not re-sell) the old dirty ones.

C. State Programs: Texas and California.

So what did the states do? We looked at policy-design in Texas and in California. Texas
did comparatively little, partly because, unlike California, it has few “non-attainment areas.” As
of the end of 2006, there was still nothing in Texas SIPs or new regulations that apply directly to
trucking companies. Texas did establish a substantial subsidy program, however, using state as

well as federal funds.

California has been more aggressive. As in the case of automobile emissions, strong
demand for lower emissions from Los Angeles and Riverside Counties have driven state policy,
since populous southern California is so powerful in Sacramento. Thus California adopted its
own progressively tighter standards for new diesel engines, paralleling and occasionally leading
federal regulations. California regulations require truck fleet owners to perform annual tests on
their own vehicles (to prevent extra emissions due to poor maintenance) and state officials
periodically inspect fleets to see that this is done. The California Air Resources Board (CARB)
deploys roadside “strike teams” of inspectors who move from locality to locality to pull over
diesel-powered trucks to check for excessive smoke. California also raised annual registration

fees for all motor vehicles to help pay for subsidies for the purchase of new, lower-polluting
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vehicles, although officials directed these subsidies mostly to operators of school and urban

transit bus fleets.

Moreover, after declaring diesel emissions a toxic air pollutant under state law, (CARB)
imposed restrictions on idling of heavy-duty diesel vehicles, first for school buses, and in 2005
for commercial trucks. CARB also promulgated regulations requiring companies to, in effect,
phase-in a ban of older trucks. CARB required this first in vehicles that operate in residential
neighborhoods - urban transit buses and garbage trucks — then in October 2006 for publicly-
owned diesel truck fleets (with first actions required by December 2008), and then in December
2007 for port drayage fleets. CARB’s drayage truck rule was designed to bolster a phased-in ban
of older diesel vehicles by the Ports of Los Angeles and Long Beach. In conjunction with the
ban, the Ports imposed fees on the beneficial cargo owner of containers moving in and out of the
ports, beginning January 1, 2008, and the fees are to be used to subsidize the purchase of new
trucks by private drayage companies. Exactly how the subsidy/financing program will work has
yet to be decided. And at best, the plan is expected to drive hundreds of small owner-operators
out of business, which raises questions about its ultimate viability. Port action has been driven by
local communities’ ability to prevent any further port expansion unless environmental health
concerns are addressed (a good example of social license pressures at work), as well as by the
Ports’ distinctive ability to regulate access and to impose higher fees on shippers and their

customers.
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Nevertheless, California has only proposed phase-out controls on the major source of
diesel emissions from heavy-duty trucks— the thousands of over-the-road private diesel truck

companies who operate older trucks in the state.

D. Consequences.

Due to its subsidy programs and fleet average improvement regulations, California has
made considerable progress in reducing diesel emissions from urban bus fleets.® But for
trucking firms, which are much more numerous, there are no fleet emissions reduction
regulations in California or Texas. And because of the huge economic costs of improvement in
that sector, government subsidies have amounted to little more than a drop in the bucket. We
found that Texas, for example, has spent $57 million in subsidies. But that has replaced only
1,300 trucks. Yet in 2006, there were approximately still 38,000 trucks in Texas with 1990 or
earlier model year engines. If we extrapolate the average subsidy cost per new green truck in
Texas — $44,000 — to all the 38,000 pre-1990 trucks, it would cost $1.7 billion in subsidies to get

them off the road. And that is just Texas!

The first conclusion of our project, therefore, is that in highly competitive, populous and
unprofitable markets, like trucking, economic variables are primary_in structuring the politics
that shape regulatory laws and programs. In this case, the sheer enormity of the economic cost of
“greening” the national fleet of heavy-duty diesel vehicles has limited the coerciveness of direct
regulation of vehicle owners and operators. BAT regulations would drive too many firms out of

business to be politically feasible. Only when there have been countervailing economic pressures

® According to 2004 data, alternative fuel vehicles constituted 43% of the 10,000+ urban bus fleet in
California, and 17% of the entire diesel bus fleet has had a particulate emissions control system installed.
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(such as port communities’ threat to limit port expansion) have these politically difficult steps
been taken. And that same economic factor — the enormous cost of upgrading a huge fleet of

vehicles — has dwarfed the reach and effectiveness of the governmental subsidy programs.

IV. Company-Level Variation in Environmental Performance

Progress in reducing harmful emissions from heavy-duty diesel-powered trucks
ultimately depends on the behavior of the thousands of companies that purchase and operate the
vehicles. Yet as we have seen, those companies are not legally obligated to buy the newest,
“greenest” engines. With rare exceptions, trucking firms are not obligated to reduce idling or
adopt other measures (including fuel-efficiency measures) that incrementally reduce emissions.
Any rapid improvement of air quality in this sector, therefore, depends on individual firms’
willingness to engage in what regulatory scholars have labeled “beyond compliance” behavior.
Another, and major, part of our research, accordingly, focused on trucking companies. We
sought to determine why some firms, but not others, had purchased newer, less-polluting engines
and why some, but not others, had adopted day-to-day operating practices that reduce emissions
(such as introducing controls on driving speeds and idling time, or superior engine maintenance).

A. Framework for Analyzing Company-Level Variation

We approached the problem of explaining company-level variation in environmental
performance by using a conceptual framework that was derived from our previous research. We
viewed facility-level environmental performance as shaped first of all by the interaction of a
firm’ environment — the terms of (1) their economic license (that is, the market-based
imperatives and constraints they face; (2) their regulatory license (that is, legal obligations and

threats); and (3) their social license (that is, pressures from communities, advocacy groups,
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employees, newsmedia). But our prior research provided clear evidence that these external
license pressures are interpreted, filtered, and negotiated by management attitudes and
commitments, which vary from indifference or resistance to environmental concerns to higher
levels of environmental awareness and engagement. Firms’ environmental management styles,
we found, had significant effects on the environmental performance of individual facilities,
reinterpreting, amplifying or dampening the impact of the economic, regulatory and social
license factors the facility encountered.

Applying this framework to trucking firms, we soon found, is complicated by the number
and technical factors that affect each truck’s (or fleet of trucks’) environmental performance.
Emissions of NOx and PM from a particular diesel engine can vary dramatically depending on
the model year of the vehicle, the ambient temperature and humidity, the altitude and incline at
which the truck is being driven, the speed and load of the vehicle, and the kind of fuel it is
burning, and the amount of time the vehicle idles.” Regulators’ models of environmental
performance posit that in broad terms, a trucking company’s environmental performance is
determined by six basic factors: (1) the type of fuel used (diesel versus natural gas), as well as
the formulation of the diesel fuel it regularly has access to; (2) the age-distribution of the fleet,
qualified by deterioration in its trucks’” emissions systems over time; (3) the quality of its
maintenance program; (4) the average speed at which its trucks travel, as affected by the average
time its fleet spends cruising the highway versus battling traffic on city streets; (5) the amount of

time its trucks, on average, spend idling; and (6) the number of miles its trucks travel.?

"When one reads estimates of ‘grams per mile’ for a given vehicle’s emissions, they are actually estimates of
emissions over average driving conditions and loads.

® The relationships among these factors are complex. For example, for some model years, a cruising speed of 65
miles per hour will result in increased NOx emissions, and for other model years, a decrease.
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All of these factors can be affected, of course, by a firm’s economic license, by
regulation, and by company policy. Thus we conceptualized the six technical or operating
factors as intervening variables, between the external license factors and management attitudes,
on the one hand, and firm environmental performance on the other, as indicated graphically in
Figure 3.

Figure 3 : The Relationship Between External License Pressures, Management Attitude

and Environmental Performance is Determined by a Series of Intervening Variables
Amenable to Regulatory and/or Company Policy

External License - -
Pressures: Intervening Variables:
Company Policy/ Truck
e Legal Behavior
* Social . Fuelt
e Economic uel type .| Environmental

Fleet age/distribution
Quality of maintenance

"| Performance

Highway speed

Management * ldling
Attitude e Distance Traveled
B. The Sample

We conducted a series of 16 case studies of small and medium-small trucking companies,
focusing closely in each case on the relationship between the external factors and the six
intervening variables. We conducted in-depth interviews 8 firms in California, 8 in Texas. As in
our pulp mill study, we used this small-n sample because of the gaps and bluntness of most
official sources of aggregate compliance-related data, and because of the inability of large-n

research to plumb the attitudes and motives of company officials. The remedy, we believe, is in-
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intensive research strategy, however, ,as is the process of contacting prospective respondents
and inducing them to participate in the study. Hence only a 16 firm sample seemed feasible,

given budget constraints.

We devised a stratified sampling framework to assure that we would get some medium-
sized and some very small trucking firms. And within those categories, in order to assure we had
some variability, we used state data that provided some indication of which firms had good
environmental performance (e.g. average age of trucks) and which were average or poor, and
sampled within those. We interviewed company owners or operations managers at their primary
place of business, obtaining technical information about their operations (including their relative
performance on the six intervening variables, their economic license, and management policies
and attitudes. °

C. Findings
Our most important finding is that in an extremely competitive market like trucking,
dominated numerically by small companies with low social visibility and few direct pressures
from environmental regulators, social license pressures are weak and managers’ environmental
consciousness is minimal. Company-level variation in environmental performance does exist, but

it flows primarily from economic variables.

° More specifically, we asked participants to describe specific policies or practices they had put in place in order to
improve fuel economy; criteria they considered in making truck purchases; what they saw as the industry’s
environmental and health impacts; which government regulations had the biggest impact on their company; what
role (if any) government subsidies had played in their company; and what role environmental agencies, community
groups, and environmental groups had played in the life of the company. We obtained data on the age distribution of
their truck fleet, fuel used (diesel vs. alternative), maintenance practices, amount of time their trucks idled, policies
to decrease idling times, miles per year their trucks traveled, the speed at which their trucks were governed (or other
policies the company had in place to influence truck speed), and the fuel economy of the fleet. We also asked
companies to rate their own environmental and economic performance on a scale of 1 (worse than average) to 5
(excellent). We asked companies about their prior experience with environmental and safety regulators. We asked
for relatively detailed information about the maintenance practices at the company, and technologies the company
had considered and/or adopted that would impact fuel efficiency and idling.
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Economic license pressures on trucking companies operate on three levels: (a) the general
market — how well the economy is doing, the price of fuel, the price of labor where the company
operates (California generally has more expensive fuel, labor, worker’s compensation and other
costs.); (b) the particular firm’s market niche — the kinds of goods are being hauled, how far they
are being hauled, day-to-day decisions designed to decrease costs and meet specific customer
demands; and (c) company-level financial condition. The choices made by a company regarding
determinants of environmental performance reflect a mixture of these elements, but certain
choices tend to be dominated by one particular level. Figure 4 summarizes the impact of
economic license pressures on company-level fleet characteristics that determine fleet emissions.
It shows clearly that most economic factors have both positive and negative effects on emissions.

Unfortunately the net effect of each economic factor is difficult to predict.



Figure 4: The Impact of Economic License Pressures on

h Company-Level Fleet Characteristics that Determine Truck Fleet Emissions
L
E Effect of Economic Factors on the Determinants of
Economic Factors Environmental Performance
:‘ Better Emissions Worse Emissions
U Expanding Economy > higher revenues, | e Younger fleet (more capital) e More miles***
More capital* within niche limits*
o e Lessidling
a More Expens_ive Diesel Fuel > e Better maintenance « Older fleet (higher costs
Incentive for fuel cost controls** e Better logistics (fewer miles less capital) ’
G | Less capital** for same deliveries)
m enera e Lower highway speed
Economy —
> Fuel cost controls viz.:
= More Expensive Labor, Workers’ e Lessidling
Compensation, etc. > e Better maintenance
: Less available capital*, more incentive o Better logistics (fewer miles | ° Older fleet
u. for fuel cost controls** for same deliveries)
u o Lower highway speed
Long Trips —> need for e Younger fleet e More idling
q more reliable trucks** e Better maintenance o More miles
Market Sensitive goods e Younger fleet
ﬁ Niche More reliable trucks** o Better maintenance
Customers demand speedy delivery o Newer fleet .
ﬂ. More reliable trucks** e Better maintenance e Faster highway speeds
m Company e Better mainter_1a_nce_ o
Financial Company doing well (more capital)** * Newer ﬂeet W'.th'.n niche limits
m Condition o Able_ to install idling-control
: equipment
* based on inference; ** based on interview evidence; *** based on literature
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We measured company-level environmental performance in a variety of ways, since
no single summary measure captures it. We estimated each firm’s NOx and PM
emissions per truck and per mile, relying both on formulas created by the California Air
Resources Board and on information provided by each company — the age distribution of
their fleet of trucks, average miles driven per year per truck, the quality of the firms’
maintenance practices, average highway speed of operation (which may be mechanically
governed), and the intensity of the company’s controls on idling time. We then ranked the
16 firms on each measure, and averaged the company’s environmental performance
rankings across all measures.

Using this summary measure, we find that no single explanatory or intermediate
factor dominates. Some companies that report their financial conditions as “excellent” are
only middling environmental performers. The same is true for companies in market
niches that encourage younger fleets and better maintenance. Texas and California differ
in terms of the general economy factor (with higher labor costs in California, for
example), but within each state some companies are excellent environmental performers
and others are weak. Similarly, competition and high fuel prices impel many of the
companies we studied, particularly those based on California, to emphasize fuel economy
in their operations — and fuel economy tends to reduce harmful emissions. But some of
our California companies worked on fuel economy more intensively than others, and
hence had better environmental performance. But as noted above, they did so not to

reduce emissions but in order to control fuel costs.
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To state our findings more generally, trucking companies that had better
environmental performance most often did so as a byproduct of actions undertaken
primarily for economic reasons, such as avoiding the cost of external repair services, late

delivery penalties, customer complaints about reliability, and rising prices for fuel.

We also found that medium-sized companies — those with more than 100 vehicles —
had a higher proportion of newer trucks (2003 or later model year), and they were much
more likely than smaller truck companies to say they were ‘doing well” economically.
That indicates that size and profitability also are important factors in enabling companies

to acquire the capital necessary to turn over their fleets — and thereby reduce emissions.

V. Conclusion

In sum, in the regulation of emissions from heavy-duty diesel trucks in the United
States, economic factors have been the dominant factors shaping both company-level
environmental performance and the substance of regulatory laws and regulations. More
specifically, in an extremely competitive market like trucking, dominated numerically by
small companies with low social and regulatory visibility, social license pressures are
weak and environmental consciousness is minimal. Company-level variation in
environmental performance flows primarily from economic variables — which induce
technological investments and management practices designed to reduce costs — and may

reduce emissions as a side effect.
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At the aggregate level, even in a ‘green’ state like California, regulators and
politicians have only recently begun to consider direct regulations requiring private
trucking companies -- by far the largest source of harmful NOx and PM emissions -- to
rapidly phase out older, more polluting diesel trucks or engines. The reason, we
speculate, again is an economic one: the staggering cost of retrofitting or replacing large
portions of the entire diesel fleet, destroying the residual economic value of old trucks.
That is why, we believe, both federal and state regulators have focused on new vehicle
emissions standards while ignoring how long diesel trucks are kept in operation; why
they have shied away from requiring trucking companies (by direct regulation or by fees)
to install best available control technologies and scrap older polluting vehicles; and why
they have focused on subsidy programs that are too small to have more than a marginal

impact on the dangerous emissions of older diesel trucks.
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Adoption of Pollution Prevention Techniques: The Role of Management Systems and
Regulatory Pressures

This paper investigates the extent to which firm level technological change that reduces
unregulated emissions is driven by existing and anticipated regulatory pressures, and
technological and organizational capabilities of firms. Using a treatment effects model with
panel data for a sample of S&P 500 firms over the period 1994-96, we find that organizational
change in the form of Total Quality Environmental Management leads firms to adopt techniques
that prevent pollution even after we control for the effects of various types of regulatory
pressures and firm-specific characteristics. Moreover, we find that the presence of
‘complementary assets’, in the form of technical capability of the firm, is important for creating
an internal capacity to undertake incremental adoption of pollution prevention techniques.

JEL classification codes: 032, 038, Q2
Keywords : Environmental Management, Toxic Releases, Total Quality Management.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Adoption of Pollution Prevention Techniques: The Role of Management Systems and
Regulatory Pressures

1. Introduction

Command and control environmental regulations in the U.S. have typically sought to
control pollution after it has been generated. The steeply rising costs of these regulations (these
costs increased by more than 50% between 1990-2000)" and their negative impact on the
productivity of regulated firms (see survey in Gray and Shadbegian, 1994) have shifted the
attention of environmental regulators and firms towards flexible environmental strategies that
target the reduction of pollution at source. The U.S. National Pollution Prevention Act of 1990
emphasizes pollution prevention rather than end-of-pipe pollution control as the preferred
method of pollution reduction. However, it does not mandate adoption of pollution prevention
technologies. Instead, the USEPA has sought to induce voluntary adoption of such technologies
through the promotion of environmental management systems that induce firms to take a holistic
view of pollution control and reduce waste generation at source (Crow, 2000; USEPA, 1997,
1998; USGAO, 1994). This paper investigates the influence of a firm’s environmental
management system and other internal and external factors on the extent to which the firm
adopts pollution prevention technologies.

An environmental management system typically embodies the concept of Total Quality
Management which emphasizes prevention over detection, continuous progress in product
quality by minimizing defects, and quality improvement across all aspects of the industrial
process. Application of these principles to environmental management, referred to as Total
Quality Environmental Management (TQEM),? can lead firms to apply the same systems
perspective to prevent pollution problems. Under TQEM, pollution is viewed as a quality defect
to be continuously reduced through the development of products and processes that minimize
waste generation at source. Case studies of leading firms, such as Kodak, Polaroid, Xerox and

L’Oreal show how TQEM principles and tools led them to implement techniques that reduce
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waste and improve the quality and environmental friendliness of their processes and products
(Ploch and WIlodarcyzk, 2000; Breeden et al., 1994; Wever and Vorhauer, 1993; McGee and
Bhushan, 1993; Nash et al., 1992). An in-depth study of firms led the President’s Commission
on Environmental Quality (1993) to conclude that quality management principles and pollution
prevention are complementary concepts; a finding reinforced by subsequent surveys of firms
which show that firms that adopted pollution prevention practices were more likely to be those
practicing TQEM.® However, there has been no systematic empirical determination of a link
between TQEM and the adoption of new pollution prevention technologies. Moreover, while
TQEM can provide a framework that encourages pollution prevention, it does not guarantee that
firms will choose to do so. Firms may instead resort to other ways to control pollution such as
recycling or reusing waste. Alternatively, firms may adopt TQEM simply to convey a visible
signal of an environmentally responsible firm and gain legitimacy among external stakeholders
(Shaw and Epstein, 2000).*

In addition to the firm’s management system, its technical capabilities can also influence
the extent to which it adopts pollution prevention technologies. This is based on the premise that
even though generic knowledge about ways to prevent pollution already exists, strategies to
prevent pollution need to be customized to the particular production processes and products of
the adopting firm. Therefore, pollution prevention is likely to require technical expertise and
related experience.’ Indeed, surveys of firms suggest that adopters of pollution prevention
techniques are more innovative in general, with higher R&D intensity and a history of more
frequent new product introductions and product design changes (Florida and Jenkins, 1996). This
suggests that proactive efforts at reducing pollution do not occur in a vacuum. Instead, they are
associated with broader and previous efforts of a firm to be innovative.

Furthermore, external pressure from mandatory regulations could have an impact on the
environmental innovativeness of firms. While these regulations do not directly require firms to
adopt pollution prevention technologies, they can create incentives to adopt such technologies if

these technologies have synergistic effects on reducing emissions of regulated pollutants and
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thereby reducing current or anticipated costs of compliance. Several authors have also suggested
that regulators are responsive to good faith efforts put forth by firms to reduce releases of
pollutants not currently regulated or to limit releases of pollutants beyond what is required by
statute or permit (Hemphil, 1993/1994; Cothran, 1993). This may create incentives for firms to
voluntarily adopt pollution prevention technologies to serve as a signal of environmentally
responsibility and reduce regulatory scrutiny and the stringency with which environmental
regulations are enforced.

We conduct this analysis using an unbalanced panel of 167 firms from the S&P 500 list
which reported to the Toxics Release Inventory (TRI) and responded to the survey on adoption
of environmental management practices conducted by the Investor Research Responsibility
Center over the period 1994-96. Our study controls for the heterogeneity among firms in a broad
range of characteristics while analyzing the impact of technological capabilities, regulatory
pressures and TQEM on the adoption of pollution prevention technologies.

Previous studies have used conceptual analysis and case studies in management and
organizational theory to show that organizational structure of the firm can affect its speed in
adopting productivity enhancing innovations and its ability to realize the benefits of technology
adoption. In particular, an effective management system with clear policies, organizational
structure, tracking and reporting mechanisms and performance measures is needed to induce
environmental innovations (DeCanio et al., 2000; Breeden et al., 1994). Several empirical studies
find that environmental regulatory pressures led to environmental innovation (Lanjouw and
Mody, 1996; Jaffe and Palmer, 1997; Gray and Shadbegian, 1998; Brunnermeier and Cohen,
2003; Pickman, 1998). These studies use either industry expenditures on R&D or aggregate
number of patents as a proxy for innovation and industry pollution abatement costs as a measure
of regulatory pressures (with the exception of Gray and Shadbegian (1998) who use plant level
data). A related study by Cleff and Rennings (1999) examines the perceived importance of
various types of environmental policy instruments on the discrete self-classification of firms as

being environmentally innovative and finds that firms perceived voluntary programs (eco-labels
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and voluntary commitments) to be important in encouraging product and process innovation.

Studies of environmental management systems (survey in Khanna, 2001) have
examined the motivations for adopting an environmental plan (Henriques and Sadorsky, 1996),
seeking ISO certification (Anderson et al., 1999; Dasgupta et al., 2000; King and Lenox, 2001;
Nakamura et al., 2001), adopting a more comprehensive environmental management system
(Khanna and Anton, 2002 a, b; Anton et al., 2004) and participating in the Responsible Care
Program (King and Lenox, 2000).® Another related set of studies has examined the implications
of such initiatives by firms for their environmental performance, measured by toxic releases
(King and Lenox, 2000; Anton et al., 2004) or by compliance status (Dasgupta et al. 2000). More
recently, Arimura et al (2007) and Frondel et al (2007) examine the impact of management
systems on the environmental innovation behavior of facilities in various OECD countries. The
former study uses R&D expenditure as a proxy for environmental innovation and finds that
management systems did not lead to more environmental R&D. The latter study uses a
multinomial logit model to examine whether a facility adopted an end-of-pipe technology or a
cleaner production technology and finds that management systems motivated adoption of both
types of technologies. Both these studies, however, do not control for the endogeneity of the
management system adoption decision, which may be determined simultaneously with its
environmental innovativeness.

This paper makes several contributions to the literature on the determinants of
environmental innovations. Unlike the previous literature which has used either aggregate and
broad measures of innovation such as industry expenditures and patent counts or has used
discrete indicators of technology adoption, we use detailed micro data on a specific type of
environmental innovation, namely count of adoption of 43 types of pollution prevention
techniques adopted by firms to reduce their toxic releases as reported annually to the USEPA’s

Toxics Releases Inventory (TRI). These pollution prevention practices include product and
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process changes, raw material substitutions and good operating practices. Moreover, we analyze
the effects of organizational structure on environmental innovation using a treatment effects
model that allows us to control for the endogeneity of the TQEM adoption decision. We also
analyze the impact of various types of environmental regulations, both existing and anticipated,

on pollution prevention.

2. Conceptual Framework

We consider profit maximizing firms that are emitting toxic releases which are not
directly subject to any penalties or other regulations. Despite the absence of regulation, firms
may have several motivations to reduce the releases of these pollutants voluntarily. These
motivations could be internal, that is, generated by the firm’s management philosophy and
technical capacity, or external, that is, arising from the firm’s interaction with external
stakeholders, including environmental regulators, environmental interest groups and consumer
groups. These stakeholders have the potential to take actions that affect the costs of compliance,
market share, reputation and image of firms. All of these developments have increased the
incentives for firms to make proactive efforts to reduce their unregulated toxic releases. In the
absence of any mandated technology standards, firms have flexibility in choosing either
pollution prevention or end-of-pipe technologies for controlling such releases.

Interest in pollution prevention has grown among firms with the passage of the Pollution
Prevention Act and due to increasing costs of end-of-pipe disposal. Underlying the concept of
pollution prevention is the premise that pollution is caused by a wasteful use of resources; thus, a
reduction in these wastes through changes in production methods that increase production
efficiency can lead to input cost-savings, higher productivity, lower costs of pollution control
and disposal and lower risk of environmental liabilities relative to using end-of-pipe technologies
(Porter and van der Linde, 1995; Florida, 1996). The adoption of pollution prevention activities

could also confer a second benefit to firms seeking to improve their environmental image. While
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emissions reductions from some unobserved counterfactual level may be sometimes hard to
ascertain, pollution prevention activities provide tangible evidence to the public and to regulators
that the firm is proactively engaged in abatement using methods not mandated by law. Although,
recognition of the net benefits of adopting pollution prevention technologies is likely to have
been increasing among all firms, we expect these benefits to differ across heterogeneous firms.
We next discuss our measure of adoption of pollution prevention techniques.

Our dependent variable is the count of new pollution prevention techniques adopted by a
firm during a year. Since pollution prevention is popularly referred to as P2, we call this variable
New P2. Each facility of a firm is required to report new adoption of any of 43 different activities
to prevent pollution for each toxic chemical to TRI in a given year. These activities are broadly
categorized into changes in operating practices, materials and inventory control, spill and leak
prevention, raw material modifications, equipment and process modifications, rinsing and
draining equipment design and maintenance, cleaning and finishing practices, and product
modifications. Each facility can report up to four different P2 activities adopted for controlling
the level of releases of each chemical.

We use several different methods for aggregating the number of P2 practices across
categories of practices, across chemicals, and across facilities belonging to the same parent
company. First, we simply aggregate the number of all P2 practices adopted in a year across all
chemicals for each facility and then across all facilities belonging to a parent company to obtain
New P2 at the firm-level for that year.” Second, we consider the count of chemicals for which a
facility had undertaken any P2 activity and aggregate these across chemicals and across facilities
belonging to a parent company to obtain Chem-Count P2 at the firm-level for that year. Third,
we weight each facility’s P2 activities (summed over chemicals as under the first method above)
by its share in the five-year lagged toxic releases of the parent company and obtained a Weighted
Sum of New P2 at the firm level. Facilities with fewer P2 activities per chemical, fewer number
of chemicals and a smaller share in lagged toxic releases of the firm would contribute less to this

measure of firm level Weighted Sum of New P2. The hypotheses and the discussion below are
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framed in terms of the determinants of New P2, for ease of presentation, but apply as well to the
alternative aggregations of P2 discussed above. We now discuss the specific factors, first the
external and internal factors and then the management system that can explain environmental
innovativeness of firms.

Profit maximizing firms can be expected to adopt the lowest cost methods to comply with
existing and anticipated regulations. Existing regulations, that are primarily in the form of end-
of-pipe technology standards, may create disincentives for voluntary adoption of pollution
prevention technologies. Theoretical studies by Downing and White (1986) and Milliman and
Prince (1989) show that the incentive to innovate is stronger under market-based systems (e.g.
emission fees or permits) than under command and control regulations because the gains through
lower costs of compliance with innovation are much higher with market based policies.
Additionally, by diverting resources towards compliance with technology standards and
promoting a reactive approach to compliance, command and control regulations can reduce
incentives to be innovative. However, these studies ignore the potential for firms to influence
the stringency with which regulations are enforced, to preempt future regulations or to indirectly
lower costs of compliance through synergistic reductions in related pollutants.

Existing mandatory regulations could lead firms to adopt pollution prevention
technologies that might be directly targeted at reducing (unregulated) toxic releases but could
indirectly lower the costs of regulatory compliance through at least two different channels. First,
efforts to prevent toxic releases could reduce the compliance costs for regulated pollutants (if
regulated pollutants and toxic releases are complementary by-products of the production
process). Surveys find that firms are proactively adopting P2 and seeking to eliminate harmful
emissions to avoid complex, inflexible and costly regulatory processes and legal liabilities
(Rondinelli and Berry, 2000; Florida and Davison, 2001).

Second, frequent inspections and penalties associated with enforcement of mandatory
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regulations are not only costly for firms but they can also have a negative impact on a firm’s
reputation. Empirical studies show that firms that had lower toxic releases were less likely to be
subject to inspections and enforcement actions. Such firms were also subject to fewer delays in
obtaining environmental permits (Decker, 2003; 2004). Sam and Innes (forthcoming) find that
participation in USEPA’s voluntary 33/50 program led to a significant decline in the frequency
with which firms were inspected. To the extent that adoption of P2 practices can signal good
faith efforts by firms to be environmentally responsible and reduce compliance costs, there
would be incentives for firms to adopt such practices. We expect both of these channels to create
incentives for firms that face greater enforcement pressure in the form of more frequent
inspections and a larger number of penalties to adopt more New P2 not only to reduce pollution
at source but also to earn goodwill with regulators and possibly reduce the frequency of future
inspections and severity of penalties.

Furthermore, future regulations, particularly if targeted at toxic releases, can also
impact adoption of pollution prevention technologies. Anticipation of stringent environmental
regulations for reducing currently unregulated pollutants could induce technological innovation
by firms to reduce pollution at source (Porter and van der Linde, 1995).% By taking actions to
control pollution ahead of time through product and process modifications, firms may be able to
lower costs of compliance as compared to the costs of retrofitting abatement technologies in the
future (Christmann, 2000). Firms may also adopt pollution prevention technologies to reduce the
potential for environmental contamination and avoid future liabilities. The anticipation of future
stringent environmental regulations may also induce firms to be innovative to gain a competitive
advantage by establishing industry standards and creating potential barriers to entry for other
competitors (Dean and Brown, 1995; Barrett, 1992; Chynoweth and Kirschner, 1993).

This suggests the following:

Hypothesis 1: The higher the costs of compliance with existing and anticipated mandatory

regulations, the greater the incentives to adopt pollution prevention techniques.
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As proxies for the costs of existing regulations, we include the variable, Inspections,
defined as the number of times a firm was inspected by state and federal environmental agencies
to monitor compliance with mandatory regulations.” We also include Civil Penalties received for
noncompliance with environmental statutes, such as the Clean Air Act, the Clean Water Act,
Toxic Substances Control Act and the Resource Conservation and Recovery Act.

Additionally, as a measure of the stringency of the existing regulatory climate of the
county, we construct a measure based on the non-attainment status of all counties in the US. As
per the 1977 Clean Air Act Amendments, every county in the US is designated annually as being
in attainment or out of attainment (non-attainment) with national air quality standards in regards
to six criteria air pollutants: carbon monoxide, sulfur dioxide, total suspended particulates,
ozone, nitrogen oxide and particulate matter. Regulatory requirements are commonly understood
to be more lax in attainment counties compared to non-attainment counties. These amendments,
therefore, led to significant spatial differentials in air quality regulation across counties within
states. Within any of the six criteria air pollutant categories, county status may range from
attainment of the primary standard to non-attainment. Because a county can be out of attainment
in several air pollutant categories, and many heavy polluters emit numerous pollutants, we
construct a dummy variable for each of the six pollutants for each facility based on its location:
for each pollutant a value of 1 is given to facilities located in a non-attainment county for that
pollutant and 0 otherwise. Each of the six dummy variables is summed up for all the facilities of
each parent company and the resulting counts are then summed up over the six pollutants to
derive the Non-attainment variable (as in List, 2000). Higher values indicate that a larger number
of the facilities of a parent company are located in counties with non-attainment status for a
larger number of pollutants.

A few states have also initiated mandatory P2 programs since 1988 to encourage source
reduction of toxic emissions. These programs impose mandatory reporting requirements for P2
activities adopted, similar to the federal TRI, and provide technical assistance to firms in the

state. Six states have numerical goals for P2 adoption, while two states provide financial
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assistance to firms.*® We hypothesize that facilities located in states with mandatory P2 programs
are more likely to adopt New P2 activities. We include a dummy equal to one if a facility is
located in a state with a mandatory P2 program and zero otherwise. These dummies are then
summed over the facilities of a firm to obtain the Mandatory P2 Policy variable, which provides
a measure of the extent to which a firm is facing regulatory pressure to report/adopt P2 activities.

We include another variable, the Number of Superfund Sites for which a firm has been
listed as a potentially responsible party under the provisions of the Comprehensive
Environmental Response, Compensation and Liability Act. This provides a measure of the
potential threat of liabilities for harmful contamination caused by disposal of pollution (as in
Khanna and Damon 1999; Videras and Alberini 2000). As a proxy for anticipated costs of
compliance, we include the volume of Hazardous Air Pollutants (HAP) consisting of 189 toxic
chemicals listed in Title 111 of the 1990 Clean Air Act Amendments. These were expected to be
regulated under New Emissions Standards for HAP from 2000 onwards. We expect that firms
with a larger HAP face a greater threat of anticipated regulations and are more likely to adopt
pollution prevention technologies to obtain strategic advantages over competitors by reducing
HAP emissions ahead of time.

In addition to external pressures to adopt P2 activities, two internal factors may also play
an important role by influencing a firm’s ability to identify profitable techniques and its learning
costs of adoption. The first of these is the firm’s technological capabilities. These are also
referred to as “complementary internal expertise/assets” or *“absorptive capacity” (Cohen and
Levinthal, 1994). These capabilities depend on the level of in-house technical sophistication.'!
Several scholars have demonstrated the relationship between the knowledge resources and
capabilities/competencies of a firm and its innovativeness (Teece, Pisano and Shuen, 1997;

Cohen and Levinthal, 1994, 1989).'? Based on this literature we hypothesize that:

Hypothesis 2: Firms that have stronger technical capabilities are likely to adopt more pollution

prevention techniques.
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We measure a firm’s absorptive capacity by its R&D Intensity, defined as the ratio of its
annual R&D expenditures over its annual sales. Cohen and Levinthal (1989) contend that R&D
expenditures not only generate new information but also enhance the firm’s ability to assimilate
and exploit existing information, that is, a firm’s ‘learning’ or ‘absorptive’ capacity.

The second internal factor that could influence the adoption of pollution prevention
technologies is the organizational structure of the firm. The managerial literature argues that
organizational systems are critical to the innovativeness of firms because they condition firm
responses to challenges and ability to realize the full benefits of cost-reducing or productivity
enhancing technologies (Teece and Pisano, 1994; DeCanio et al., 2000). In particular, TQEM
creates an organizational framework that encourages continuous improvement in efficiency and
product quality through systematic analysis of processes to identify opportunities for reducing
waste in the form of pollution. The TQEM tool-kit of senior management commitment, team-
work, empowerment of employees at all levels, and techniques such as process mapping, root
cause analysis and environmental accounting can enable the firm to become aware of
inefficiencies that were not recognized previously and to find new ways to increase efficiency
and reduce the costs of pollution control (Wlodarczyk et al., 2000). This may lead the firm to see
the value of developing products and processes that minimize waste from “cradle to grave”
rather than focusing only on end-of-pipe pollution control. The conceptual relationship between

TQEM and pollution prevention suggests:

Hypothesis 3: Firms which adopt TQEM will adopt more pollution prevention techniques.

We define TQEM as a dummy variable equal to 1 if a firm adopted TQEM in a particular
year and zero otherwise. In testing Hypothesis 3, it is important to recognize that TQEM could be
an endogenous variable. For example, (unobserved) managerial preferences could influence the
adoption of both TQEM and pollution prevention techniques. We discuss this issue and our
methods for accounting for it in the next section.

While testing the above three hypotheses we control for other factors that could also

12
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influence the adoption rates of pollution prevention practices. In addition to regulatory pressures,
market pressures from consumers and environmental organizations could also lead firms to
undertake pollution prevention.™® Several studies have shown that consumer willingness to pay
premiums for environmentally friendly products and the desire to relax price competition can
lead some firms to produce higher quality environmental products to differentiate themselves
from other firms (Arora and Gangopadhyay, 1995). For example, Starbucks consumers pressured
the coffee chain to purchase only from suppliers who grow coffee beans in a bird-friendly-
fashion (GreenBiz News, 2004). We extend the demand-side pressures to include the demand for
innovation by other stakeholders, such as environmental and citizen groups. These groups can
express their preferences through boycotts and adverse publicity which can affect the reputation
of a firm.

We proxy consumer pressure by a dummy variable, Final Good, which is equal to one for
firms that produce final goods and zero for those that produce intermediate goods.** We measure
pressure by environmental groups through an explanatory variable, Environmental Activism,
which is defined as the ratio of per capita membership in environmental organizations in a state
relative to that in the entire U.S. We obtain a measure of environmental activism for each parent
company by averaging the values for all its facilities located in different states.*> Higher values
of this variable indicate that a firm has its facilities in states with relatively high per capita
membership in environmental organizations.

Additionally, we recognize that the costs of adopting pollution prevention practices and
the effectiveness of pollution prevention as a strategy for reducing emissions may vary with the
scale of toxic releases. If larger toxic polluters face larger (smaller) costs of abatement using
pollution prevention methods, then one would observe a negative (positive) association between
the emissions reported to the TRI and pollution prevention activities. Since current emissions are
endogenous, as they are affected by the level of pollution prevention activities, we use lagged
Toxic Releases (choosing a five year lag to ensure that endogeneity is not an issue even in the

presence of serial correlation). In some specifications, of which we report one, we replace lagged
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Toxic Releases by current Toxic Releases as an explanatory variable. We avoid endogeneity bias
from doing so by using lagged Toxic Releases as an instrument for current Toxic Releases. It is
also possible that firms emitting releases with a higher toxicity index may be more concerned
about regulatory or public scrutiny and potential liabilities. Such firms may have greater
incentives to adopt P2 techniques. We, therefore, also include the lagged Toxicity-Weighted
Releases as an explanatory variable in one model.

We control for the number of pollution reduction opportunities a firm has by including
the Number of Chemicals emitted as an explanaotry variable. This variable is the count of
chemicals reported by the firm which is obtained by summing up the chemicals reported by each
facility over all facilites of that firm. This controls for the possibility that firms emitting a larger
number of chemicals or having a larger number of facilities may adopt more pollution prevention
practices simply because they have more opportunities to do so.

We also include the Age of Assets of a firm, its Market Share of Sales and its Sales as
explanatory variables. Age of Assets, measured by the ratio of total assets to gross assets (as in
Khanna and Damon, 1999), indicates how depreciated a company’s assets are and is thus a proxy
for the cost of replacement of equipment. Higher values of this variable indicate newer assets.
The newer the equipment, the more costly it would be to replace it, which may be a barrier to in-
novative activities to prevent pollution. Newer equipment may also be more efficient and less
polluting; there may, therefore, be less of a need for making the modifications needed to prevent
pollution. We, therefore, expect that firms with older assets may be more likely to adopt more
New P2,

We include the Market Share of a firm in terms of industry sales as an explanatory
variable to control for any effects of industry leadership on the incentives for innovation. There
is a considerably large theoretical and empirical literature analyzing these effects and yielding
ambiguous predictions (see survey by Cohen and Levin 1989). Some have supported the
Schumpeterian argument that monopolists or market leaders can more easily appropriate the

returns from innovative activity. Others argue that insulation from competitive pressures breeds
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bureaucratic inertia and discourages innovation.!” Market share can also be a proxy for a firm’s
innovativeness and technical capabilities as innovative and technically capable firms tend to
dominate their markets. Finally, we include the Sales of a firm as a measure of firm size. Larger
firms may have more resources to adopt pollution prevention practices. They are also likely to be
more visible and thus targets of social pressure by stakeholders because they may be held to
higher standards. Such firms may also be more vulnerable to adverse effects of a tarnished

reputation.™®

3. Empirical Model

Our empirical model consists of a New P2 adoption equation (1) which relates the
number of New P2 techniques Yi, adopted by the i™ firm at time t to a vector of observed
exogenous variables, Xj;, the TQEM adoption decision, Tj;, and unobserved factors, &iit.

Yit = a Xt + BTt + it 1)

Contemporaneous values of explanatory variables X are used to explain New P2 in
equation (1), except for five-year lagged values of toxic releases and HAP, because emissions
might be jointly determined with the New P2 adoption decisions; unobserved factors influencing
New P2 adoption are likely to influence current emissions. However, our results are robust to
using current emissions as a regressor with past emissions as an instrument. Since the
distribution of HAP, Toxic Releases and Toxicity-Weighted Releases in our sample is highly
skewed to the right and to allow for diminishing marginal effects these variables on New P2, we
include the square roots of these variables as explanatory variables. We also estimated models
using levels of these variables and found that the signs and significances of these and other
explanatory variables were unaffected. Because we have multiple years of observations, the error

terms may be serially correlated. We allow for serial correlation of the form &5t = p115t—1 + Uit
where E(ujt) =0, E(u?) = o2 and Cov(ujt,Ujs) =0 if t=s and estimate all models using the

Prais and Winsten (1954) algorithm.*
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The coefficient of TQEM represents the average treatment effect of TQEM adoption on
New P2 adoption levels. We recognize that the TQEM adoption decision, Ti;, may be endogenous
because the unobserved variables that influence TQEM may be correlated with the unobserved
variables that influence New P2 equation. For example, one such unobserved variable could be
the ‘green’ preferences of the current management which would affect both the decision to
undertake TQEM and undertake more New P2 even after conditioning for observed variables.
The bias on £ in (1) could be positive if TQEM is more likely to be adopted by such firms.
However, the bias could be negative if firms with an inherently low scope for pollution
prevention activities find the adoption cost of TQEM not worthwhile. A test for the endogeneity
of TQEM (Wooldridge, 2002) rejects the null hypothesis that it is an exogenous variable at the
1% significance level. To deal with this endogeneity problem, we can use a two-stage least

squares method to estimate the effect of T, on Y, consistently if the following conditions are

satisfied (Wooldridge 2002): the error term has zero conditional mean; the variance of the error
is constant; the standard rank condition is satisfied; and the TQEM adoption is adequately

described by a probit model (Wooldridge 2002). The optimal instrumental variable for TQEM in
such a model is the predicted probability of TQEM, 'fit, which we obtain by estimating the
TQEM adoption equation using a probit model with a vector of explanatory variables, Wi.s (that
capture the factors that influence the benefits and costs of adopting TQEM). In particular, we
posit the following selection equation based on the latent variable T;* which measures the net
benefits from adoption of TQEM.
Tit* = nWit_s + &2t (2)

The indicator variable for TQEM is T;; =1 if Tjy* >0 and O otherwise. Some of the variables
included in Wi.s are likely to be also included in Xi. The i.i.d. error component &,;; is assumed
to be normally distributed with mean zero and variances2,. We estimate the probit model

pooling all observations from the three year panel. The parameter estimates obtained thereby are
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consistent but the standard errors are incorrect because they ignore the panel nature of the data.
We correct for the standard errors by allowing for correlation in the disturbance of the latent
variable across time for the same firm.

The explanatory variables included as instruments for TQEM in estimating equation (2)
are based on the findings about the determinants of TQEM adoption described in Harrington et
al. (forthcoming). They hypothesize that the incentives for firms to adopt TQEM depend on
external stakeholder pressures from environmentally aware consumers and public interest
groups, regulatory pressures from environmental agencies, and internal factors which depend on
the production related benefits and costs of making such organizational changes and the
capabilities of firms to make them. The internal production-related benefits arise because TQEM
focuses on process improvement to reduce input waste, which is seen as the cause of pollution,
and input use while increasing productivity and value-added activities. The adoption of TQEM
may also impose production-related and managerial costs due to a need for process and product
modifications.?’ We include lagged values of Civil Penalties, Inspections, Superfund sites and
HAP as proxies for regulatory pressures. We include Final Good as a measure of consumer
pressure and lagged Sales as a measure of visibility to the public. Sales is also a proxy for the
economies of scale and firm size could influence the firm’s ability to bear the fixed costs of
adoption. We include lagged Toxic Releases reported to the TRI as a measure of the scale of the
environmental problem. Additionally, lagged R&D Intensity and Number of Facilities could
influence the net benefits of adopting TQEM. R&D Intensity is a proxy for the technical capacity
of firms. The Number of Facilities of a firm could influence the firm’s visibility to the public, the
costs of coordinating a common management system within the corporation and the gains from
implementing a uniform approach towards environmental management. In equation (2) all time
dependent explanatory variables (other than Number of Facilities) are measured with a five-year
lag (for the years 1989-91) to avoid possible endogeneity bias since the year that a firm adopts
TQEM for the first time is not known. However, adoption may have occurred during or after

1991, since TQEM was first introduced by the Global Environmental Management Facility that
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was formed in April 1990. The use of five-year lagged explanatory variables avoids the
possibility that TQEM adoption in the past could have influenced any of the explanatory
variables included above. While Number of Facilities is expected to influence the adoption of
TQEM, it is not expected to influence the adoption of P2 activities by a firm after we have
controlled for the Number of Chemicals emitted by the firm aggregated over facilities. The

exclusion of this variable from equation (1) enables identification of its parameters.

4. Data Description

The sample consists of S&P 500 firms which responded to the Investor Research
Responsibility Center (IRRC) survey on corporate environmental management practices adopted
by them and whose facilities reported to the TRI at least once over the period 1994-1996 or
1989-1991 (since we are using five-year lagged values of toxic releases as explanatory
variables). The IRRC data provides information about the adoption of TQEM by parent
companies. The TRI contains facility-level information on releases of chemical-specific toxic
pollutants and on the pollution prevention activities adopted by firms since 1991. It also provides
data on HAP and the Toxicity-Weighted Releases.”* To match the TRI dataset with the IRRC, we

construct unique parent company identifiers for each facility in the TRI database, and then

aggregate all chemical and facility level data to obtain parent company level data.22 We dropped
the chemicals which had been added or deleted over the period 1989-1996 due to changes in the
reporting requirements by the USEPA. This ensures that the change in toxic releases in our
sample over time is not due to differences in the chemicals that were required to be reported. Of
the S&P 500 firms, only 254 firms reported to the TRI at least once during the period 1989-1996.
Of these firms, an unbalanced panel of 184 firms responded to the survey by the IRRC in at least
one of the three years. Restricting our sample to the firms for which complete data for
estimating equations (1)-(2) were available resulted in 463 observations belonging to 174 firms

for estimating equation (1) and 422 observations belonging to 167 firms for estimating equation
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(2). Summary statistics for the variables used here are presented in Table 1.

The TRI instructs firms to report the new P2 activities adopted by them in that year.
However, it is possible that some firms might be reporting all (cumulative) P2 activities adopted
by them instead of only the incremental ones. To check if this was the case we examined the
annually reported P2 counts by each facility belonging to S&P 500 firms and reporting to TR,
for each chemical for the period 1992-1996 and compared it with their reports for the previous
period (1991-1995). We then derived the change in the reported New P2 count for a total of
74,780 instances at the chemical-facility level. If firms were inadvertently reporting all P2
activities adopted instead of New P2 activities, we would expect that the annual count of P2
reported would be increasing or stay constant over time for all years. Our investigation focused
at the facility level on the premise that any misinterpretation of the instructions in the TRI would
be at the facility rather than chemical level. In particular, we have calculated the number of
facilities for which the reported P2 counts were non-decreasing for all chemicals. We found that
this was the case for only 236 facilities (5.68% of all S&P facilities reporting to TRI) and
represents only 0.67% of the chemical-facility pairs (because these facilities have a much lower
than average number of chemicals). Therefore, even if there was any misinterpretation of the
survey question, it impacted at most a small fraction of the data. %

The number of environmental Civil Penalties and the number of Inspections are derived
from USEPA’s Integrated Data for Enforcement Analysis (IDEA) database. Since these data are
reported at the sub-facility level, inspections and penalties of all sub-facilities of each parent
company are added up to get parent company level data. The number of Superfund Sites is
derived from the Comprehensive Environmental Response, Compensation, and Liability
Information System (CERCLIS) of the USEPA. Superfund data are at the facility level and were
aggregated to the parent company level.

The S&P 500 Compustat database, now known as Research Insight, is the source of
parent-company level financial data on net sales, total assets, gross assets and R&D

expenditures. Market share data are obtained from Ward’s Business Directory using parent
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company names. The Final Good dummy is constructed based on the firm’s four-digit SIC code
(as described in Harrington et al., 2005). The primary SIC code of a parent company is that
reported in the Research Insight database. If that was missing, then we use the SIC code in
Ward’s Business Directory to construct the Final Good dummy.

The Non-attainment status of counties is obtained from the USEPA Greenbook.?* These
data are matched with the TRI using the location information of each facility. The data on
Environmental Activism are obtained at the state level for 1993 from Wikle (1995).?° Data on

state P2 policies are obtained from the National Pollution Prevention Roundtable.?®

5. Results

We estimated three alternative first-stage probit models to explain TQEM adoption
(Table 2). In Model I-A the explanatory variables are measured in levels while in Model I-B they
are measured in square roots (except for Number of Facilities). The Schwarz Information
Criterion and Akaike Information Criterion indicate that explanatory variables measured in
square-roots provide a better fit to the data on TQEM. We then estimate Model II, which is a
parsimonious version of Model I-B and includes only the variables that have a statistically
significant effect on TQEM. We find that firms that have larger R&D intensity, larger Sales,
larger Toxic releases and a fewer Number of Facilities are more likely to adopt TQEM.
Consumer pressure, proxied by Final Good, and regulatory pressure proxied by Number of
Superfund Sites, HAP, Civil Penalties and Inspections, is not found to have any effect on TQEM
adoption. These results are consistent with those reported in Harrington et al. (forthcoming)
which find that internal considerations were more important in motivating adoption of TQEM
than external factors.

We estimate several different models to examine the determinants of New P2 adoption.
All linear models are estimated assuming an AR1 error process. The estimates of p;, the

autocorrelation parameter, in all models strongly support the validity of assuming an AR1 error
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process against the alternative of an i.i.d. error distribution. Since the dependent variable is a
count variable, we also estimate a negative binomial model. The dispersion parameter of the
negative binomial is statistically significant, indicating the validity of using this model instead of
a Poisson model. The standard errors of the negative binomial models allow for correlation in the
disturbance of the latent variable across time for the same firm.

We first examine the results of models that include only the exogenous explanatory
variables and exclude TQEM. Model I11-A (Table 3) examines the determinants of New P2.
Model 111-B is a negative binomial version of Model I11-A. Model IV A includes the square root
of Toxicity-Weighted Releases as an additional explanatory variable. Model V and Model VI
have Chem-Count P2 and Weighted P2 as dependent variables, respectively. These models
examine only hypotheses | and Il. The coefficients of all variables will also include any indirect
effects the associated factors will have through their influence on TQEM adoption. We then
estimate and report results of the full structural system which includes the TQEM variable,
appropriately instrumented.

Results from the linear regressions consistently support Hypothesis 1 and show that
current and anticipated regulatory pressures, as proxied by Penalties, Inspection, HAP and Non-
Attainment, had a statistically significant positive impact on New P2 and Chem-Count P2
adoption. In the negative binomial model, however, only the regulatory pressure proxied by Non-
Attainment had a statistically significant impact on New P2. Surprisingly, we find that the effect
of Superfund Sites is negative and statistically significant across all models, suggesting that firms
that were responsible for fewer Superfund Sites were more likely to adopt New P2 and Chem-
Count P2. This could be because firms that are potentially responsible for a larger number of
Superfund Sites are those that typically dispose large amounts of waste off-site. An effective way
to manage their environmental impacts may be through end-of-pipe treatment rather than
pollution prevention. It could also be that such firms are expecting to incur a substantial financial
burden to address current liabilities and have fewer resources to invest in pollution prevention

technologies.
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Model VI shows that existing mandatory regulations did not have a statistically
significant impact on the Weighted P2 measure of adoption of pollution prevention techniques.
Recall that Weighted P2 differs from New P2 in that it attaches a higher weight to P2 adoption by
facilities with a higher share of toxic emissions within the firm. Therefore, the finding that
regulatory pressures influence New P2 adoption but not Weighted P2 adoption suggests that
existing regulations primarily impact the P2 activities of those facilities that have a smaller share
of the firm’s toxic releases. Existing regulations do not appear to have motivated the relatively
pollution intensive facilities within the firm to undertake more P2 activities, possibly because the
costs of undertaking P2 may have been much higher for these facilities. Anticipated HAP
regulations, however, did motivate a higher level of Weighted P2 adoption in addition to a higher
level of New P2 adoption. This indicates that regulations targeted at toxic releases were more
effective in motivating P2 adoption by the pollution intensive facilities within firms as compared
to command and control regulations aimed at other pollutants. We also find robust support for
Hypotheses 2 in the linear and negative binomial model and across alternative measures of P2
activity. All models in Table 3 show the positive effects of technological capabilities, as proxied
by R&D Intensity on New P2.

In Table 4, we present the results of models that include the impact of TQEM adoption
on P2 activity. Model VII-A estimates an OLS model that disregards the endogeneity of the
TQEM adoption decision. Model VI1I-B examines the impact of TQEM on New P2 using the
predicted probability of TQEM estimated from Model Il as an instrument for TQEM. Model VII-
C uses the variables from Model Il directly as instruments for TQEM (except Number of
facilities which is included to explain TQEM but is not expected to influence New P2 and hence
excluded from that equation). We find that the conclusions of our paper regarding the
determinants of New P2 techniques do not depend materially on whether the parsimonious or
larger specification of the first stage models is used. Model VI1I-D includes current toxic releases
as an explanatory variable and lagged toxic releases as an instrument, while Model VII-E

includes toxicity-weighted releases as an explanatory variable. Model VII-F estimates a two-step

22



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

negative binomial model.

Model VII-A which is estimated without correcting for the endogeneity of TQEM shows
that the effect of TQEM on New P2 is positive but small and statistically insignificant. The other
Models VII B-E, however, consistently support Hypothesis 3 and show that TQEM has a positive
and statistically significant impact on New P2. The coefficient of TQEM in the models that
instrument for TQEM is much larger than in Model VII-A, indicating the presence of a negative
selection bias in its estimation, i.e., that TQEM adopters are firms with lower than average
unobserved propensity to adopt pollution prevention activities. The two-step negative binomial
in Model VII-F is implemented using the predicted value of TQEM as an explanatory variable.
Since we are using a generated regressor, the standard errors are corrected using the Murphy-
Topel method.

The magnitude of the TQEM coefficient in the base models (VI1I-B and VII-C) suggests
that the average effect of TQEM adoption on the annual count of NewP2 practices is equal to
approximately 18 practices. In our sample, the average annual count of pollution prevention
practices by adopters of TQEM is equal to 27. This suggests that if these firms had not adopted
TQEM, their average annual count would be only about 9. The non-adopters of TQEM average
about 16 New P2 practices per year in our sample. The fact that adopters would have introduced
fewer pollution prevention practices per year in the absence of TQEM is consistent with our
finding that there is negative selection into the adoption of TQEM (though this simple difference
in means is partially due to differences in observable firm characteristics). In comparing the
results of Table 4 with those of Table 3, the most important observation is that with the inclusion
of TQEM as a variable, the magnitude of the coefficient of R&D Intensity and its statistical
significance diminishes. This suggests that R&D intensity has an indirect effect on the adoption
of New P2 through the adoption of TQEM and after accounting for that, its direct effect is
smaller. On the other hand, the effects of variables proxying for regulatory pressure appear to be
primarily direct effects on New P2. This is consistent with the results obtained in Table 2 which

show that R&D intensity has a significant influence on TQEM adoption while regulatory
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pressures do not.

In Table 5, we examine the effect of TQEM on alternative measures of pollution
prevention. Models VI1I-A and VIII-C use predicted probability of TQEM as an instrument while
Models VIII-B and VIII-D use lagged variables as instruments. We find that TQEM has a
statistically significant and positive effect on Weighted P2 and on Chem-Count P2, while the
effects of other variables remain as discussed above. These results suggest that TQEM leads even
the more pollution intensive facilities within firms to adopt more pollution prevention activities.

Among the other firm characteristics, Market Share, and Number of Chemicals, have a
statistically significant effect on P2 adoption. The effect of Number of Chemicals was as
expected; the more opportunities a firm has to adopt pollution prevention technologies the more
such technologies it will adopt. We find a fairly robust negative and statistically significant sign
for Toxic Releases (whether lagged or not) suggesting that firms that were relatively small toxic
polluters had lower costs of abatement of toxic releases using pollution prevention technologies.
After controlling for the effects of the volume of toxic releases, we find that Toxicity-weighted
releases had a positive and significant impact on New P2. The effects of other firm
characteristics, such as Sales and Age of Assets, are not robustly significant across all the models.
The effects of other external pressures from environmental groups, communities or consumers
on adoption of pollution prevention techniques, as proxied by Environmental Activism and Final
Good, are also not statistically significant. The effects of firm characteristics and the magnitudes
of their coefficients are very similar in models that include TQEM and those that exclude TQEM

as a variable.

6. Conclusions

The objective of this paper is to study the factors that influence the voluntary adoption of
technologies that reduce toxic pollution at source in a sample of S&P 500 firms. Particular
attention is devoted to examining the impact of a firm’s management system and of external

regulatory pressures on the adoption of pollution prevention technologies. In addition, we
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investigate the role played by internal capabilities in influencing incremental adoption of these
technologies. More generally, our study makes a contribution to the broader literature that
studies the determinants of environmental innovation by firms.

Our main econometric findings are as follows. First, regulatory pressure from current and
anticipated regulations plays an important role in motivating voluntary environmental
innovation. In contrast, market pressures are found to have an insignificant effect on firm
behavior. Pressure from existing regulations is found to be more important in motivating the
relatively cleaner facilities within firms to adopt pollution prevention technologies. Second,
adoption of TQEM does indeed motivate the adoption of more pollution prevention technologies.
Thus, managerial innovations, such as adoption of TQEM, lead firms to be innovative in their
approaches towards environmental management. Third, technological capability is an important
determinant of a firm’s adoption of pollution prevention technologies. Fourth, firms with a
relatively smaller volume of toxic releases face higher costs of abatement using pollution
prevention technologies. To the extent that this is also the case for facilities within firms, it
would explain the finding above that regulatory pressures were more likely to motivate the less
toxic release intensive facilities to undertake pollution prevention. High toxicity-weighted
releases in the past do, however, motivate more pollution prevention activities by firms. This
suggests that firms perceive the benefits from preventing such pollution and reducing potential
liabilities and public concern.

These results indicate that firms’ adoption of TQEM is not simply a ‘greenwash’ or done
only to achieve social legitimacy. Such firms are indeed changing their operations to make them
more environmentally friendly. While our study cannot shed light on whether strategies to induce
voluntary adoption of pollution prevention techniques are sufficient (or more effective than
mandatory approaches requiring pollution prevention) for achieving the goals of the Pollution
Prevention Act, they do show that efforts to encourage voluntary changes in a firm’s
management system while maintaining a strong regulatory framework and a credible threat of

mandatory regulations can be effective in moving firms towards those goals.
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This analysis has several policy implications. It shows the extent to which policy makers
can rely on environmental management systems to induce voluntary pollution prevention. It also
shows the role that regulations can play in motivating innovative methods for pollution control.
By distinguishing between different types of regulatory pressures, this analysis shows that
regulatory pressures targeted towards hazardous toxic releases are more effective than others in
inducing the pollution intensive firms and facilities within firms to adopt pollution prevention
practices. The results obtained here also highlight the importance of providing technical
assistance to firms that may not have the capacity to undertake innovative pollution prevention
activities. Lastly, by identifying the types of firms less likely to be self-motivated to voluntarily
adopt pollution prevention practices, this analysis has implications for the design and targeting of

policy initiatives that seek to encourage greater pollution prevention.
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'http://yosemitel.epa.gov/ee/epalib/ord1.nsf/77e34926d19d5664852565a500501ed6/335eadf8201059108
52565d00067efc6!OpenDocument

% The Global Environmental Management Initiative (GEMI) is recognized as the creator of total quality
environmental management (TQEM) which embodies four key principles: customer identification,
continuous improvement, doing the job right first time, and a systems approach
(http://www.bsdglobal.com/tools/ systems_TQEM.asp).

® A survey of U.S. manufacturing firms in 1995 by Florida (1996) found that 60% of respondents
considered pollution prevention to be very important to corporate performance and two-thirds of them had
also adopted TQEM. Of the 40% firms that considered pollution prevention to be only moderately
important, only 25% had adopted TQEM. A survey of U.S. manufacturing plants in 1998 found that
among the pollution prevention adopters, the percentage of firms practicing TQM was twice that for other
plants (Florida, 2001). A survey of Japanese manufacturing firms found that plants adopting a green
design were more likely to be involved in TQM than other plants (Florida and Jenkins, 1996).

* For example, Howard et. al (2000) found that Responsible Care participants were more likely to
implement practices visible to external constituencies but they varied a great deal in implementation of
practices such as pollution prevention and process safety that were visible only internally. Shaw and
Epstein (2000) argue that firms adopt popular management practices, such as total quality management, to
gain legitimacy and find that implementation of such practices leads to gains in external reputation
regardless of whether there is an improvement in the firm’s financial performance.

> More generally, prior research suggests that firms cannot costlessly exploit external knowledge, but
must develop their own capacity to do so, through the pursuit of related R&D activities and cumulative
learning experience (Cohen and Levinthal, 1989; 1994).

® Several studies also investigate the motivations for firms to participate in public voluntary programs
such as EPA’s 33/50 program, Waste Wise and Green Lights (for a survey of those studies see Khanna,
2001).

"It is extremely rare in our sample that a firm reports four P2 activities for a particular chemical. Thus,
censoring through top coding is not a concern in our data.

® Several theoretical studies show that the threat of mandatory regulations can induce voluntary
environmental activities to preempt or shape future regulations (see survey in Khanna, 2001). Empirical
analyses show that regulatory pressures (Henriques and Sadorsky, 1996; Dasgupta, et al., 2000), threat of
liabilities and high costs of compliance with anticipated regulations for hazardous air pollutants (Anton et
al., 2004; Khanna and Anton, 2002 ) did motivate adoption of environmental management practices, but
their direct effect on environmental technology adoption has not been examined.

° Information about the pollution prevention practices adopted by firms is available to regulators only
with a lag of one or two years. Hence we do not expect current inspections and penalties to be influenced
by current pollution prevention decisions.

1% Mandatory P2 programs started in 1988 with Washington, followed by Massachusetts and Oregon in
1989. Four states adopted them in 1990 (Maine, Minnesota, Mississippi, and Vermont) while three
adopted them in 1991 (Arizona, New Jersey, and Texas). Arizona, Massachusetts, Maine, Mississippi,
New Jersey and Washington have set numerical goals for P2 activities; while Arizona and Minnesota
provide financial assistance to firms.

" These capabilities or specialized assets are firm-specific. They are acquired over time, are non-
substitutable and imperfectly imitable, such as firm-specific human capital, R&D capability, brand
loyalty. They can enable firms to adopt new technologies at lower cost (Dierickx and Cool, 1989).

12 Blundell et. al. (1995) find that the stock of innovations accumulated in the past was significant in
explaining current innovations. Christmann (2000) finds that complementary assets in the form of R&D
intensity of the firm determine the competitive advantage that a firm receives from adopting P2 strategies.
13 Consumer preferences for green products may manifest themselves through movements in demand and
relative prices in the product markets. This parallels the argument put forth by Schmookler (1962) and
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Grilliches (1957) that demand-pull can explain innovative activity by firms as they strive to deliver the
preferred goods in the market (Dosi, 1982).

4 Empirical evidence does suggest that firms that produce final goods and that were larger toxic polluters
in the past were more likely to participate in voluntary environmental programs and adopt EMSs (see
survey in Khanna, 2001; Anton et al., 2004).

> Studies also show that community characteristics can influence the level of public pressures for
reducing pollution (Arora and Cason, 1999; Hamilton, 1999). Pressure from environmental groups,
proxied by membership in environmental organizations, was found to influence participation in voluntary
programs (Welch et al., 1999; Karamanos, 2000) and reduction in intensity of use of certain toxic
chemicals (Maxwell et al., 2000). Using this measure of environmental activism, Welch et al. (1999) find
that firms headquartered in states with greater environmentalism were more likely to participate in the
voluntary Climate Challenge program.

¢ Studies find that firms with older assets were more likely to participate in voluntary environmental
programs (Khanna and Damon, 1999) and adopt a more comprehensive environmental management
system (Khanna and Anton, 2002).

" In the context of quality provision, Spence (1975) shows that this depends on the relationship between
the marginal value of quality and the average value of quality to the firm while Donnefeld and White
(1988) show that it depends on the differences in the absolute and marginal willingness to pay for quality.
'8 | arger firms have been found to be more likely to participate in the chemical industry’s Responsible
Care Program (King and Lenox, 2000), Green Lights, Waste Wise, and 33/50 programs (Videras and
Alberini, 2000) and in Climate Challenge (Karamanos, 2000).

9 A fixed effects model could not be estimated because we have several regressors that are time-
invariant. A random effects model failed to converge and hence could not be estimated.

2 Empirical studies show that regulatory pressures, threat of liabilities and high costs of compliance with
existing and anticipated regulations motivated the adoption of environmental practices. (Henriques and
Sadorsky, 1996; Dasgupta, et al., 2000; Anton et al., 2004; Khanna and Anton, 2002a). They also find
that firms that were large toxic polluters and likely to face greater public scrutiny, that were in closer
contact with consumers and were more visible to the public were also motivated to adopt EMSs (Anton et
al., 2004; Khanna and Anton, 2002; King and Lenox, 2000). Some empirical studies have found a
positive significant effect of R&D on the adoption of EMSs (Khanna and Anton, 2002), on participation
in the 33/50 program (Arora and Cason, 1996) and in Waste Wise (Videras and Alberini, 2000). In
contrast, Khanna and Damon (1999) and Videras and Alberini (2000) did not find the R&D level to
significantly influence participation in 33/50 and Green Lights.

21 \We construct toxicity weighted releases using toxicity weights defined by the Threshold Limit Values
(TLV) for each toxic chemical. TLVs are set by the American Conference of Governmental and Industrial
Hygienists (ACGIH, 2003) as the maximum average air concentration of a substance to which workers
can be exposed without adverse health effects during an 8-hour work shift, day after day. The TLV index
is calculated by multiplying the quantity of emissions of each toxic chemical with the inverse of the TLV
of the chemical and then summing across all chemical releases by the firm.

22 To match the facilities with their parent companies, a combination of the Dun and Bradstreet number,
facility name, location, and SIC code were used (these additional identifiers were used for some facilities
when the Dun and Bradstreet number was missing). The ticker symbol, which identifies the parent
companies in the Research Insight database, was used to match the IRRC data with financial data from
Research Insight. Since some parent company names have changed over our study period, Market Insight,
a database tool linked with Research Insight was used to trace the parent company’s history. The
historical information included mergers, acquisitions, changes in names, SIC codes and ticker symbols.

2 These 236 facilities consistently reported P2 counts that were the same or higher than in preceding
year(s) for all their chemicals, and they comprise 5.68% of all unique 4155 facilities that belonged to S&P
500 firms and reported to the TRI. They can be suspected of incorrectly reporting their P2 activities
(though an equally likely possibility is that the P2 count was indeed non-decreasing for all the chemicals
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and time periods for these facilities). In terms of total sample, this translates to 502 out of 74,780
chemical-facility pairs. Additionally, these 236 facilities belong to 113 different parent companies.
Hence, we can rule out systemic and large scale misinterpretation of TRI instructions at the parent
company level. Even if it occurred at the facility level, the number of facilities and the number of P2
activities affected by it is negligible.

24 Can be found at http://www.epa.gov/oar/oaqps/greenbk/anay.html.

% 1t is based on data on membership in 10 environmental organizations, namely African Wildlife
Foundation, American Birding Association, The Nature Conservancy, World Wildlife Fund, Zero
Population Growth, American Rivers, Bat Conservation International, Natural Resources Defense
Council, Rainforest Action Network, and Sea Shepherd Conservation Society.

% http://www.p2.org/inforesources/nppr_leg.html.
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Table 1. Descriptive Statistics (1994-96).

Variable Mean Std. Dev. | Minimum | Maximum
TQEM 0.68 0.47 0.00 1.00
New P2 23.40 37.13 0.00 284.00
Chem-Count P2 14.65 23.28 0.00 173.00
Weighted Sum of New P2 2.49 4.16 0.00 28.93
R&D Intensity 0.03 0.04 0.00 0.24
Final Good 0.56 0.50 0.00 1.00
Environmental Activism 0.90 0.28 0.26 2.43
'(&?ﬁfgnzg’;'goﬁ'gsses 14.87 42.34 000 | 382.88
?Jf{ﬁggg}“gﬁfgses 31.88 60.85 0.00 519.18
Superfund Sites 66.32 173.28 0.00 1376.00
I(_I\ilgi]ﬁ?gnl_(l)?gounds) 3.05 6.86 0.00 S7.97
Penalties 1.49 3.43 0.00 33.00
Inspections 50.66 82.79 0.00 491.00
Non-attainment 12.24 16.87 0.00 96.00
Mandatory P2 Policy 1.69 2.87 0.00 18.00
Market Share of Sales 0.26 0.22 0.00 0.98
Net Sales ($ Billion) 12.96 22.40 0.18 165.37
Age of Assets 0.75 0.10 0.46 0.93
Number of chemicals 80.69 113.86 1.00 625.00
Number of Facilities 17.64 20.73 1.00 111.00

Summary statistics are presented for N=422.
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Table 2: Determinants of TQEM Adoption

Explanatory Variables Model I-A Model I-B | Model Il
Constant 0.207 "0.446 ~0.301
(0.188) (0.259) (0.248)
. 2328 1,797+ 1,818+
R&D Intensity (2.365) (0.880) (0.881)
. 0.042 0.032
Final Good (0.201) (0.209)
Toxic Releases 0.005 0.063 0.115%*
(0.003) (0.040) (0.040)
0.0004 0.011
Superfund (0.001) (0.032)
0.008 0.012
HAP (0.016) (0.110)
oenalties 0.053* 0.108
(0.064) (0.129)
. 0.002 0.042
Inspections
(0.002) (0.042)

Sal 0.0001 0.006* 0.007%*
ales (0.0001) (0.003) (0.003)
Number of Facilities -0.014** -0.017** -0.011**

(0.006) (0.007) (0.005)
Schwarz I.C. 611.86 586.83 561.82
Akaike I.C. 1.23 1.18 1.17

N= 463 in all these regressions. Values in parentheses are standard errors.

All models allow for correlation of disturbances across time for each firm:

*significant at 10%, **significant at 5%, ***significant at 1%. All variables in Model I-A
are in linear terms. All variables in Model 1-B and Il are in square root with the exception
of Number of Facilities.
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Table 3: Determinants of the Adoption of Pollution Prevention Techniques

Explanatory MODEL IlI-A Model I11-B Model 1V MODEL V | MODEL VI
Variables New P2: New P2: New P2: Chem-Count Weighted
OLS Negative Binomial OLS P2: OLS P2: OLS
12.349 -0.832** 10.763 5.655 5.110***
Constant
(9.640) (0.383) (9.678) (5.525) (1.687)
Innovative Capabilities
R&D Intensity 67.584** 2.772* 66.438** 43.416%** 15.998***
(28.455) (1.528) (28.419) (4.984) (16.329)
Regulatory Pressures
Superfund -0.025*** -0.080* -0.025%** -0.010* -0.001
(0.009) (0.045) (0.009) (0.005) (0.001)
HAP 4.,038*** -0.158 4.506*** 1.580* 1.168***
(1.524) (0.129) (1.550) (0.876) (0.267)
Penalties 0.639* -0.076 0.562 0.578*** 0.073
(0.358) (0.068) (0.361) (0.207) (0.063)
Inspections 0.047** 0.054 0.046** 0.031** 0.004
(0.021) (0.071) (0.021) (0.012) (0.004)
Non-attainment 0.391*** 0.161** 0.404*** 0.161*** 0.030*
(0.093) (0.078) (0.093) (0.053) (0.016)
Mandatory -0.581 -0.147 -0.422 0.062 -0.243**
P2Policy (0.562) (0.089) (0.571) (0.322) (0.098)
Other Firm Characteristics
Final good 0.194 -0.255* 0.632 -0.269 0.408
(2.367) (0.152) (2.379) (1.362) (0.416)
Environmental 2.589 0.066 2.751 -0.570 2.162%**
Activism (3.493) (0.232) (3.486) (2.018) (0.616)
Toxic Releases -0.816* 0.099 -1.288** -0.410* 0.061
(0.426) (0.068) (0.520) (0.248) (0.076)
Toxicity Weighted 0.347"
Releases (0.221)
Market share 16.359*** 0.090" 15.050*** 7.854*** 1.988**
(5.029) (0.058) (5.091) (2.892) (0.883)
Net Sales -0.012 0.094 -0.009 0.035 0.026**
(0.074) (0.079) (0.074) (0.042) (0.013)
Age of Assets -24.720** -0.488 -23.180* -9.630 -8.801***
(12.028) (0.558) (12.047) (6.907) (2.108)
Number of 0.186*** 0.900*** 0.184*** 0.124%*** -0.009**
Chemicals (0.027) (0.110) (0.027) (0.016) (0.005)
Year -1.140 -0.130** -1.161 -0.843 -0.245
(0.965) (0.052) (0.962) (0.563) (0.171)
Log- Likelihood -1886.65 -1424.55 1643.47 -1143.69
o 0.597*** 0.565*** 0.569***
(0.039) (0.0401) (0.040)

N=422. Values in parentheses are standard errors. * Significant at 10%, ** Significant at 5%, *** Significant at 1%.

" Significant at 15% level. Dispersion parameter for Negative Binomial is 0.533 and statistically significant at 5%.
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Table 4: Impact of TQEM Pollution Prevention (New P2) Adoption

Model VII-B Model VII-D Model VII-E
Model asts: | MO9E VIC | asLs: predicted osLs; | Model VII-F
: VII-A Predicted - probability and Predicted Two-Step
Variables OLS o Variables as e Negative
probability Y; lagged releases as | probability Binomial
as IV v as IV
Constant 12.586 -2.346 -2.242 3.775 -3.223 1.546*
(9.672) (11.107) (11.618) (11.015) (11.140) (0.903)
Internal Managerial and Innovative Capabilities
TQEM 0.197 17.496*** 18.519*** 22.507*** 16.656** 1.786**
(2.058) (6.679) (6.674) (7.426) (6.634) (0.830)
R&D Intensity | 70.292** 46.928 48.924* 40.143 47.810* -2.289
(28.036) | (29.284) (29.849) (29.543) (29.170) (2.000)
Regulatory Pressures
Superfund - -0.029*** -0.029*** -0.027*** 0.029%*** -0.001**
(0.009) (0.009) (0.009) (0.009) (0.009) (0.000)
h HAP 3.953*** 3.648** 3.034* 4.333*** 4.300%** 0.108
(1.506) (1.520) (1.637) (1.604) (1.543) (0.110)
z Penalties 0.634* 0.750** 0.762** 1.139*** 0.671* 0.032
T (0.342) (0.361) (0.368) (0.404) (0.363) (0.020)
Inspections 0.045** 0.051** 0.052** 0.068*** 0.049** 0.000
E (0.021) (0.021) (0.022) (0.023) (0.021) (0.001)
Non- 0.401*** 0.418*** 0.405*** 0.402*** 0.423*** 0.032***
= attainment (0.090) (0.092) (0.094) (0.094) (0.093) (0.007)
u. Mandatory P2 -0.643 -0.378 -0.150 -0.378 -0.225 -0.047
Policy (0.549) (0.561) (0.576) (0.559) (0.570) (0.034)
o Other Firm Characteristics
Final good 0.029 -0.747 -0.521 -1.627 -0.114 -0.391**
a (2.336) (2.375) (2.446) (2.404) (2.381) (0.182)
Environmental 2.681 3.614 3.125 2.440 3.748 -0.382
[y Activism (3.389) (3.505) (3.901) (3.541) (3.500) (0.381)
> Toxic Releases | -0.708* -1.148** -1.205*** -2.373** -1.738*** 0.070*
(0.401) (0.447) (0.456) (0.932) (0.554) (0.041)
= Toxicity-
. 0.432*
: Weighted (0.224)
Releases
u Market share 16.703** 10.890** 12.651** 7.814" 9.727* 0.701*
u (4.899) (5.385) (5.491) (5.601) (5.465) (0.380)
Net Sales -0.014 -0.029 -0.022 -0.108 -0.263 -0.005
q (0.074) (0.074) (0.076) (0.082) (0.074) (0.007)
Age of Assets - -18.897 -19.832 -22.254* -17.795 -0.398
¢ (11.829) | (12.149) (12.754) (12.201) (12.167) (0.959)
Number of 0.188*** 0.182*** 0.181*** 0.214*** 0.179*** 0.003*
(a8 chemicals (0.027) (0.027) (0.028) (0.032) (0.271) (0.002)
m Year -1.078 -0.521 -0.453 -1.587* -0.579 -0.084
(0.945) (0.998) (1.046) (0.939) (0.994) (0.055)
m, :}Igglﬁ\ood 1931.45 1935.43 1861.03 -1955.08 -1535.25
: 1 0.598*** 0.569*** 0.561*** 0.545***
(0.0386) (0.400) (0.041) (0.0408)

Values in parentheses are standard errors. * Significant at 10%, ** Significant at 5%, *** Significant at 1%. ¥ Model VII-D has
current toxic releases as explanatory variable with lagged releases as an instrument. All other models use lagged toxic releases.
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Table 5: Determinants of Adoption of Alternative Measures of Pollution Prevention

Model VIII-A Model VI111-B Model VIiI-C Model VIII-D
Variables Chem-Count P2 Chem-Count P2 Weighted P2: 2SLS: Weighted P2: 2SLS:
2SLS: I_D!'edlcted 2SLS: Variables as Preq!cted Variables as IV
probability as IV v probability as IV
Constant -3.946 -3.039 2.578 1.170
(6.368) (6.334) (1.949) (1.912)
Internal Managerial and Innovative Capabilities
TOEM 11.362*** 10.451*** 2.908** 4.573*%**
(3.834) (3.801) (1.175) (1.148)
R&D Intensity 30.069* 31.758* 12.673** 11.025**
(16.773) (16.732) (5.128) (5.038)
Regulatory Pressure
Superfund -0.012** -0.012** -0.002 -0.002
(0.005) (0.005) (0.001) (0.001)
HAP 1.334° 1.286" 1.113*** 1.054***
(0.871) (0.875) (0.266) (0.264)
Penalties 0.659*** 0.642%** 0.092 0.100
(0.208) (0.207) (0.064) (0.063)
Inspections 0.032*** 0.031** 0.004 0.004
(0.012) (0.012) (0.004) (0.004)
Non-attainment 0.176*** 0.164*** 0.034** 0.033**
(0.053) (0.053) (0.016) (0.016)
Mandatory P2 0.187 0.199 -0.214** -0.186*
Policy (0.321) (0.323) (0.098) (0.097)
Other Firm Characteristics
. -0.842 -0.650 0.288 0.280
Final good
(1.362) (1.358) (0.417) (0.410)
Environmental 0.089 -0.014 2.329%** 2.401***
Activism (2.014) (2.014) (0.618) (0.612)
. -0.634** -0.645** 0.006 -0.038
Toxic Releases
(0.258) (0.261) (0.080) (0.080)
Market share 4.430 4,651 1.048 0.486
(3.086) (3.095) (0.944) (0.933)
Net Sales 0.022 0.021 0.023* 0.020
(0.042) (0.042) (0.013) (0.013)
Age of Assets -5.822 -6.139 -7.745%** -7.124%**
(6.963) (6.970) (2.130) (2.102)
Number of 0.123*** 0.125*** -0.010** -0.009**
chemicals (0.016) (0.016) (0.005) (0.005)
Year -0.444 -0.501 -0.140 -0.089
(0.576) (0.574) (0.178) (0.1277)
Log Likelihood -1700.81 -1706.43 -1172.63 -1221.88
O1 0.554*** 0.556*** 0.534*** 0.512***
(0.0406) (0.405) (0.0411) (0.0419)

N=422. Values in parentheses are standard errors. * Significant at 10%, ** Significant at 5%, *** Significant at 1%.
* Significant at 15% level.
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Abstract

The types and nature of a firm’s innovative activities are influenced by a firm’s organizational
structure. We develop an empirical framework to examine the effect of Total Quality
Environmental Management (TQEM) on the adoption of 43 types of innovative pollution
prevention activities over the period 1992-1996, and to determine whether the effect of this
management system differs systematically across innovation types. We differentiate innovations
according to (i) their functional characteristics: whether they involve procedural changes,
equipment modifications, material modifications or other unclassified/customized changes; (ii)
their visibility to consumers and, (iii) their ability to enhance efficiency. We find that the effect
of TQEM on pollution prevention is non-uniform and provides stronger support for the adoption
of practices that involve procedural changes or have unclassified/customized attributes. We also
find that the visibility to consumers or efficiency enhancement does not incrementally contribute
to the effect of TQEM on the adoption of pollution prevention practices. These findings are
robust to controlling for the timing of TQEM adoption and any type-specific trends in the
adoption of pollution prevention activities. Because the pollution prevention activities most
strongly affected by TQEM are generally more prevalent in the petroleum refining and chemical
manufacturing, our simulations show that these sectors experience the largest impact from the
adoption of TQEM on the rate of pollution prevention innovation.
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1. INTRODUCTION

Innovation is a key component of a firm’s strategy to improve market competitiveness
and operational efficiency as well as to respond effectively to changing consumer preferences
and regulations. Innovations differ in the extent to which they involve changes in products,
processes or practices and lead to gains in efficiency or brand image. We postulate that the extent
and nature of innovation undertaken by a firm depends on its management system which
influences the firm’s organizational structure, the extent of employee involvement in decision
making and the internal communication channels for information sharing. The management
system, therefore, has an impact on the incentives and ability to improve a firm’s technology. We
develop an empirical framework to examine how the effect of a management system differs
across different types of innovations and draw implications from the nature of this differential
impact on the channels through which a management system affects a firm’s operations. Our
framework can also be used to evaluate the effect of adoption of the management system on
firms with different pre-adoption innovation profiles.

We apply this framework to investigate the effect of total quality management (TQM),
one of the single most influential managerial systems developed in the last twenty five years, on
technical innovations that reduce the generation of pollution. TQM is an integrated management
philosophy that emphasizes customer satisfaction through continuous progress in preventing
defects and seeks to achieve gains in efficiency using a systems-wide approach to process
management (Powell, 1995). Expansion of the notion of product quality to include the
environmental impact of production systems and products, and the belief that pollution is
equivalent to a waste of resources, has led firms to apply the systems-based approach of TQM to

the management of their environmental impacts. This is referred to as Total Quality
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Environmental Management (TQEM).! It involves changing the organizational culture of the
firm and using quality management tools to encourage prevention of pollution upstream (at
source) as a way to increase efficiency rather than controlling pollution after it is generated
(DiPeso, 2000; Klassen and MalLaughlin, 1993). Pollution can be reduced at source through a
variety of different practices. We examine the types of pollution prevention activities that are
more responsive to TQEM systems, and the implications of such differential response on the
channels through which TQEM in particular influences innovation and technology adoption.

We use a very detailed dataset that catalogues the rate of technical innovation in pollution
prevention to reduce toxic releases by a sample of S&P 500 firms over the five year period 1992-
1996. This dataset is a particularly well suited one to demonstrate our approach for a number of
reasons. First, it forms a rich five year panel of pollution prevention innovations that firms have
undertaken in 43 different categories. Second, a number of firms have chosen to apply TQM for
environmental management during this period. Third, the description of adopted pollution
prevention practices is very detailed and allows us to classify them on the basis of their
functional characteristics, their potential for improving production efficiency and possibly
yielding auxiliary cost benefits, and their visibility to consumers. In particular, we partition the
practices according to four mutually exclusive functional characteristics: whether the practice
requires physical change in equipment, a change in materials usage, a change in operating
procedures, or other modifications. This last category includes practices that the firms have been
unable to assign to one of the established types of pollution prevention categories as defined by
the EPA. Some of these unclassified/customized practices are likely to be newly innovated

practices that modify the firm’s operations and, therefore, cannot be classified generically. In

! The Global Environmental Management Initiative is recognized as the creator of TQEM which embodies four key
principles: customer identification, continuous improvement, doing the job right first time, and a systems approach
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addition to this multinomial classification of practices on the basis of their functional
characteristics, we also include binary attributes that reflect the presence of efficiency gains and
visibility to consumers.

The waste prevention-oriented philosophy of TQEM suggests an inherent
complementarity between TQEM systems and pollution prevention. One would expect the
adoption of all types of pollution prevention practices to be higher among TQEM firms than
among otherwise identical firms that are not practicing TQEM. However, the TQEM tools used
for identifying and evaluating opportunities for waste reduction and the measures for assessing
performance may be more conducive to the adoption of some types of practices than others. We
use count models to examine how the effect of TQEM adoption differs across practices of
different types and to what extent any such differences may lead the pollution prevention
activities of some industries to be more sensitive to TQEM than those of other industries. In
addition to the role of organizational structure and practice attributes, our analysis recognizes
that the net benefits of adopting pollution prevention practices are also likely to be influenced by
firm-specific technical and economic factors. These include the suitability/effectiveness of those
practices for a firm’s production system (or the inherent propensity of a firm to adopt certain
types of pollution prevention practices), the costs of learning about new technologies, the
potential for diminishing returns associated with incremental adoption, and other unobserved
slowly evolving factors.

In particular, our analysis can be summarized as follows. We first define a set of binary
variables that take the value of 1 if the pollution prevention activity possesses a particular

attribute and O otherwise. We use their interaction with TQEM to investigate whether the effect

(http://mwww.bsdglobal.com/tools/ systems_tgem.asp).
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of TQEM on pollution prevention is non-uniform, and if so, which types of activities (attributes)
are associated with stronger TQEM effects. Firm fixed effects and a number of suitable controls
to capture some effects discussed above are also included in the analysis. Our base estimates are
complemented with a number of internal consistency checks that test the validity of our
framework and some alternative explanations for the pattern of observed pollution prevention
activities. Finally, we combine our estimates of the effect of TQEM on the pollution prevention
activities of different types with the systematic differences in the prevalence of these activity
types across industries to ascertain the degree to which TQEM impacts the rate of pollution
prevention innovation differentially across industries.

Several studies have shown that organizational characteristics are important determinants
of innovation by firms (see reviews by Hage, 1999; Damanpour, 1991; Sciulli, 1998). A survey
of the vast literature on quality management and its key practices suggests that TQEM has many
pro-innovation attributes, such as its emphasis on continuous improvement through the
application of scientific information and a non-hierarchical organizational structure that enables
the efficient creation and utilization of valuable specific knowledge at all levels of the
organization (Sousa and Voss, 2002; Wruck and Jensen, 1998).% A few studies have focused
specifically on the relationship between TQEM and innovation. Curkovic et al. (2000) use scaled
responses on various aspects of total quality management systems and environmentally
responsible manufacturing practices to construct measures of each and examine synergies
between the two. They find that firms with advanced total quality management systems also have

more advanced environmentally responsible manufacturing practices because the two concepts

% The resource based view of the firm suggests that heterogeneity in this expertise across firms lead to differences in
the firm’s ability to capture the profits associated with a new technology (see survey in Christmann, 2000).



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

share a similar focus, rely on similar tools and practices. Khanna et al. (2007) undertake a
systematic empirical investigation of the linkage between an objectively measured aggregate
count of pollution prevention techniques adopted and TQEM. They focus on explaining pollution
prevention adoption rates as a function of the TQEM adoption decision, regulatory factors, and
many other firm and industry characteristics that proxy for market pressures faced by firms and
other relevant effects. Unlike that study, this paper analyzes the type (attributes) of pollution
prevention activities adopted by firms and its variation across TQEM adopters and non-adopters
using a more disaggregated and longer data series and employing fixed effects model to control
for firm heterogeneity.’

Our findings demonstrate that the effect of TQEM on pollution prevention is non-
uniform. TQEM supports the adoption of practices that involve procedural changes or that are
customized or otherwise do not fall neatly into well established standard categories. We also find
that the visibility to consumers or efficiency enhancement attribute of the practice does not
incrementally contribute to the effect of TQEM on the adoption of pollution prevention practices.
The stimulus provided by TQEM to the adoption of such practices is essentially determined by
their functional attributes, either procedural or unclassified/customized. Moreover, the adoption
of practices that involve material or equipment modifications is not statistically significantly
responsive to TQEM adoption. Furthermore, we demonstrate that these effects are not driven by

secular trends that favor one type of pollution prevention activity over another. Lastly, we also

® TQM is “science-based” because individuals at all levels of the organization are trained to use scientific method in
everyday decision making. It is non-hierarchical in that it provides a process for allocating decision rights in ways
that do not correspond to the traditional corporate hierarchy.

* Technology characteristics have been shown to be significant drivers for the adoption and diffusion of specific
technologies in other areas. Innovations that are costly and require a considerable investment were found to diffuse
at a slower rate in manufacturing industries (Romeo 1975, 1977, Stoneman and Karshenas, 1993). Similarly,
Karlson (1986) found that new innovations that are expected to yield higher cost savings and improve profitability
tend to be adopted faster in the steel industry. In the agriculture sector, new innovations that were less risky, less
complex and expected to increase yield and quality were adopted much faster than other (Batz et al 1999; Adesina
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find that the adoption of pollution prevention practices is subject to diminishing returns and
inertia.

We show the usefulness of our framework through simulations. In these simulations, we
find that on the average, 16% of the count of pollution prevention activities adopted by firms can
be attributed to the organizational structure inherent in TQEM. This effect is not uniform across
firms but depends on their pollution prevention profile. In particular, firms in petroleum refining
and chemical manufacturing industries are more strongly affected because their pollution
prevention profile includes procedures and customized modifications.

The rest of the paper is organized as follows. Section 2 of the paper describes the
conceptual framework while Section 3 describes our empirical implementation of this
framework. Data is described in Sections 4, and we present and discuss our results in Section 5,

followed by the conclusions in Section 6.

2. CONCEPTUAL FRAMEWORK

The TQEM philosophy has three strategic goals: (i) continuous improvement in quality,
(ii) defect (waste) prevention while enhancing value added activities and (iii) meeting or
exceeding customer requirements. To achieve these goals, quality management requires
management commitment, long range planning, and close relationships with customers that
allow anticipation of customer needs sometimes even before customers are aware of them. At the
operational level, TQEM involves the adoption of certain management “tools” or processes. In
TQEM firms, cross functional teams undertake research projects to develop or identify pollution
prevention practices, managers do benchmarking visits to other organizations to learn about

alternative ways of performing the work, and front-line employees are expected to search

and Baidu-Forson 1995, Adesina and Zinnah 1993).
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continuously for improved and simplified work practices (Hackman and Wageman, 1995). By
allocating decision-making authority to problem-solving teams, enabling a high level of
employee involvement in quality improvement, facilitating better communication and
information sharing among all hierarchical levels in the organization and offering employee
training and team-based rewards, Total Quality Management enables the efficient creation and
utilization of valuable firm-specific knowledge at all levels of the organization. These system
based changes are driven by identified consumer needs and aim to achieve quality improvements
while lowering costs (Cole, 1998).

Growing concerns for environmental quality from consumers, the public, and regulators
has led firms to expand their notion of product quality and apply TQEM to reduce the
environmental impact of their production systems and products. This together with the belief that
efficiency can be enhanced by minimizing pollution provides a rationale for firms to proactively
integrate environmental considerations in product and process design.® The upstream prevention
focus of TQM, together with the view that pollution is a defect and an indicator of waste in
production, creates an explicit focus on source-reduction of pollution as opposed to end-of-pipe
control (Curkovic et al. 2000). Case studies indicate that quality management tools such as
affinity diagrams, Pareto analysis, cause-and-effect diagrams and cost of quality analysis help the
teams responsible for environmental management to focus on the causes of their difficult
environmental problems (PCEQ, 1993).® Moreover, TQM performance measures tend to be

function- or task-specific, thus allowing isolation of the contribution of particular activities to

® Studies examining the relationship between TQM and innovative approaches to environmentally conscious
manufacturing find that TQM goals and methods align well with those of environmental management and promote
environmental excellence (Klassen and McLaughlin, 1993).

® Pareto analysis is used to identify the major factors that contribute to a problem and to distinguish the vital few
from the trivial many causes. Cost of quality analysis is used to highlight the cost-savings that can be achieved by
doing the work right the first time (Hackman and Wageman, 1995). See Ploch and Wlodarczyk (2000) and relevant
references therein for an illustration of the successful application of these and related tools.
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performance. This helps employees understand what actions they can take to improve overall
performance (Wruck et al.).” This suggests that firms that adopt TQEM are more likely to be able
to identify opportunities for waste reduction and select cost-effective pollution prevention
practices. Indications of an inherent complementarity between the concepts of pollution
prevention and TQEM can be found in case studies and surveys of firms which indicate that
TQEM adopters are indeed more likely to adopt pollution prevention practices (Florida, 1996;
Atlas, 1997; Klassen and McLaughlin, 1993; see survey in Curkovic et al., 2000).2

Pollution can be prevented using a variety of different practices that differ in their
characteristics and in the degree to which their adoption is amenable to TQEM. The list of
pollution prevention practices used in our analysis is included in Table 1. We distinguish three
key characteristics of these practices. The first is functional or technical attributes, the second is
whether they yield auxiliary efficiency-enhancing or cost saving benefits and the third is whether

they are visible to consumers. The functional characteristic involves the partitioning of practices

" For example, employees under quality management are likely to readily understand how their actions affect cycle
time or how they can reduce waste or scrap rates. The case Polaroid’s application of TQEM through their
Environmental Accounting and Reporting System (EARS) is a good example. The EARS allows the tracking of all
1400 materials at the chemical level at several stages (the input stage, end of process line before abatement, during
abatement, and after abatement). It promotes accountability of all employees for each unit of chemical and
encourages employees to devise new equipment or processes to use inputs more effective. For example, through the
EARS, Polaroid employees have identified substitutes for toxic materials and adopted aqueous based coating
systems in place of solvent-based coating systems which led to a 10% reduction of toxic emissions. Polaroid
employees also had the incentive to develop a devise to scrape reactor vessels of every unit of chemical, which
would have gone untraced and unused had the EARS system not been in place. Furthermore, the EARS also
encouraged communication across various specialized units and encouraged multi-faceted types of innovations. The
chemical-level reporting and accountability allowed the manufacturing division to put pressure on the R&D division
to develop less toxic chemicals that the manufacturing divisions would be willing to use. As a result, these chemical
substitutions further required changes in the manufacturing process and in the design of products as well. In 1990,
two years after its introduction, the EARS allowed Polaroid to successfully achieve a 20% reduction of toxic
chemicals from 1988 levels through input substitution, process changes and more environmentally-sound products
(Nash et al., 1992).

8 A survey of U.S. manufacturing firms in 1995 by Florida (1996) found that 60% of respondents considered P2 to
be very important to corporate performance and two-thirds of these had also adopted TQM. Of the 40% of firms that
considered P2 to be only moderately important, only 25% had adopted TQM. A survey of U.S. manufacturing plants
in 1998 found that among the P2 adopters, the percentage of firms practicing TQM was twice that for other plants
(Florida, 2001). A survey of Japanese manufacturing firms found that plants adopting a green design were more
likely to be involved in TQM than other plants (Florida and Jenkins, 1996).
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into four groups depending on whether they are likely to require physical modifications to
equipment; changes in raw materials; changes in operating procedures for employees; or involve
other hard to categorize/multiple changes. Practices requiring Equipment modifications include
changes in container design, cleaning devices, rinse and spray equipment and overflow alarm
systems. Practices requiring Material modifications involve substitutions of raw materials, new
solvents, coating materials or process catalysts. Practices, such as improved maintenance
scheduling, improved storage and stacking procedures, better labeling procedures, which involve
changes in the way that operations are organized and managed, are classified as Procedural
modifications. Practices that are hard to categorize because they do not belong in any of the
EPA’s well defined practice categories form the fourth group, henceforth denoted as
Unclassified/Customized practices; this forms the omitted category in the econometric analysis.
Procedural changes require specific and detailed knowledge about work processes that is
likely to reside with employees on the factory floor rather than with upper management
(Hackman and Wageman, 1995; Wruck and Jensen, 2000). TQEM emphasizes cross-functional
teamwork, allocation of decision-making authorities to employees and improved flow of
information among employees; it is therefore more likely to promote “grass-roots” efforts at
waste reduction using the full spectrum of information and expertise to bear on decisions about
system wide problems. On the other hand, practices that involve technical changes in equipment
and materials may be relatively easy to identify even by firms that are not practicing TQEM.
Such modifications may be more process-specific rather than firm-specific and their benefits are
more likely to be standard knowledge among firms. Their adoption may thus be less responsive
to specific knowledge/training of a firm’s employees or a firm’s management system. We,

therefore, test whether TQEM firms experience a larger increase in the adoption rate of pollution

10
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prevention practices that require procedural changes as compared to the adoption rate of
practices that require physical or material modifications. In other words, we test whether
practices with Equipment or Material modifications attribute get a smaller (if any) boost from
TQEM systems while those with a Procedural modification attribute get a larger stimulus from
TQEM.

The fourth Unclassified/Customized attribute is assigned to practices whose definitions in
the dataset do not provide enough information to allow us to discern their attributes. This
category includes some practices that do not belong to standard categories or approaches of
preventing pollution and are individually tailored to a firm’s production operations. For example,
in the category Process Modifications, practices such as, ‘instituting a re-circulation system’ or
‘modifying layout or piping’ and ‘changing the process catalyst’, may be standard approaches to
reduce pollution while practices included in ‘other process modifications’ may be those that are
custom-designed and hence cannot be easily labeled. Such practices are likely to be based on in-
depth understanding of the source of the problem to be fixed. We, therefore, expect that firms
that adopt TQEM, and thus have a high level of cross-disciplinary employee involvement, a
system for facilitating flow of information across departments and the tools needed to generate
innovative ideas, are likely to adopt customized practices.

In addition to these technical considerations, the adoption of a practice may be influenced
by attributes that affect the economic benefits from its adoption. One such attribute of a practice
is its visibility to Consumers. A second such attribute is the ability of that practice to lead to
improvements in production efficiency, reduction in costs and savings in time and resource use,
enabling firms to gain a competitive advantage. We consider such practices to be production

Efficiency enhancing.

11
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Practices that involve changing the raw materials used or the specifications or
composition of the product and affect its functionality, appearance or disposal after use could be
considered visible to Consumers. Firms may include such information in product labels or
advertisements to make consumers aware of the environmental friendliness of that product. Such
practices can allow firms to appeal to environmentally conscious consumers and charge price
premiums or increase market share. Firms that adopt TQEM are likely have closer relationships
with customers and the tools (such as, life-cycle analysis to evaluate the environmental impacts
of alternative product specifications) to identify the environmentally-friendly product
modifications that customers’ value. We, therefore, test whether TQEM adopters adopt more
practices which are visible to Consumers. If this is the case, the results would reveal the extent to
which TQEM is being implemented to increase the appeal of a firm’s products to
environmentally conscious consumers.

Pollution prevention practices that could enhance production-efficiency and provide cost-
savings include improved recordkeeping, inventory control, installation of overflow alarms or
automatic shut-off valves and better inspection, and monitoring and labeling procedures. Wruck
et al. (1998) find that although TQEM is grounded in a concern for product quality, it reaches
beyond these issues to emphasize efficiency throughout the organization on issues that may have
little or no direct relation to product quality, such as equipment maintenance. We, therefore, test
whether practices which are Efficiency enhancing, would get a significant boost in likelihood of
adoption by TQEM firms. Empirical evidence of this would provide support for the contention
that “lean and green,” go hand in hand as firms seek to become more productive by pursuing

strategies that enhance business and environmental performance (Florida, 1996). This would

12
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suggest that TQEM adopters consider pollution prevention as part of the broader corporate effort
to improve quality and implement leaner management systems.

While the focus of this work is the identification of within-firm differential effects of
TQEM on the adoption of pollution prevention practices, we also control for the effects of other
factors on adoption rates. Ideally, we would adopt a purely treatment effects count data model
which would include an exhaustive set of firm-cross-practice fixed-effects which would control
for the baseline propensity of firms to adopt a particular pollution prevention practice. We depart
from this ideal estimation strategy in that we use firm-fixed-effects and practice-fixed-effects.
Including an exhaustive set of firm-cross-practice fixed effects is not feasible for our data as
most firms have zero adoption rates for most practices. Instead, we use firm dummies to account
for unobserved firm-specific characteristics such as technological knowledge and capacity or
inherent propensity of the firm to undertake pollution prevention activities, and we use pollution-
prevention dummies to control for the differential baseline adoption rates of these practices.
Finally, we control for secular changes in adoption rates through year fixed effects, which in
some specifications are interacted with the attributes to control for attribute specific trends, and
also include some potentially important time varying firm specific factors that are relevant for

the adoption of pollution prevention techniques.

3. ECONOMETRIC FRAMEWORK
3.1. Specification and Estimation
We consider a general framework that relates the count of adoption of pollution

prevention practices with the presence of TQEM and the level of other time varying firm

13
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characteristics. The expected number of pollution prevention practices of type j adopted by firm i

in year t, denoted as P2, is given by

E[P2,,]1=exple,TQEM , + S log[TOTP2, ]+ 7 log[CUMP2, ]+ S log[CHEM , 1+ w, +e, | (1)
where the variables and the parameters are defined as follows.? The indicator variable TQEM

takes the value of 1 if firm i applied TQM to the environmental aspects of its production in year

t. The effect of TQEM,, on the adoption rate of pollution prevention practices of type j, «;, is

the parameter vector of primary interest in our study.'® The variable TOTP2, , is the total

number of pollution prevention activities of all types adopted by firm i in the preceding year
(hereafter also referred to in the text as Lagged Total P2), and it proxies for slowly evolving (or
transient) unobserved factors that affect the adoption of pollution prevention techniques. These
would include effects of learning (which arise from experience with all types of pollution
prevention practices but which are expected to decay over time), changes in managerial interest
in pollution prevention (which is expected to revert to some steady state over time), transient
changes in firm expertise through staff turnover, and other factors. We would expect the

parameter £ to be positive but smaller than 1, reflecting the non-permanence of the above
factors. The variable CUMP2, , is the cumulative number of pollution prevention techniques of

any type adopted by firm i from 1991 until before the start of year t (henceforth referred to in the
text as Cumulative P2), and it reflects the possible presence of diminishing returns to pollution

prevention: the more techniques have been introduced by a firm, the fewer remaining pollution

° The description of the source data and the construction of the variables are deferred to the next section.

19 We do not include attribute fixed effects because these would not be identified given our inclusion of practice
fixed effects. Moreover, if we had included attribute fixed effects instead of practice fixed effects, the coefficients
would not have been interpretable because they are not independent of artificial aggregation or subdivision of P2
categories. In contrast, the interactions of attributes times TQEM are identified because they reflect percentage
changes from the baseline.

14
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prevention opportunities may be left to exploit. It may also measure cumulative permanent
learning in which in case it would tend to vary positively with P2 adoption counts. For single

facility firms, the variable CHEM ,, is the Number of Chemicals a firm uses in period t, while for
multi-facility firms CHEM, aggregates this number over all facilities of that firm. The log

specification for these variables allows the model parameters to be interpreted as elasticities.

Finally, w, and e; are year and firm cross practice fixed effects, respectively.

The primary parameters of interest,«;, are assumed to relate to characteristics of
pollution prevention practices j through the linear equation

a; =a+a,EQUIP, + a,MAT, +a,PROC, +a, EFF, + «,CONS, (2)
where EQUIP;, MAT,;, and PROC,; are mutually exclusive dummy variables that indicate

whether practice j has Equipment, Material or Procedural attributes, with the
unclassified/customized attribute being the omitted category as described in the previous section.
EFF; is a dummy variable that indicates whether practice j is Efficiency enhancing, while CONS;
indicates whether practice j is visible to the Consumers of the product. If TQEM affects the
adoption rate of all types of practices equally, then the parameters «, through o, would all be
zero and the effect of TQEM on pollution prevention would not be systematically related to the
composition of pollution prevention practices employed by firms. However, if the effect of
TQEM on pollution prevention practices is not uniform for reasons discussed in the conceptual
framework, then the o;’s will be statistically significantly different from « and they will vary
across practices. Since the functional attributes are mutually exclusive, the adoption of TQEM on

the adoption of these practices would therefore depend on which of the four functional attributes

15
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characterize the particular practice and whether the practice is visible to consumers and/or is

efficiency-enhancing.

We now turn to the estimation of equation (1). We make no assumptions on the

distribution of P2.

j other than that each realization is conditionally independent of each other.
Thus, we not only relax the Poisson assumption of equality of mean and variance, but we also
relax the weaker assumption of proportionality of mean and variance. We also assume that all
independent variables are exogenous, i.e., independent of the equation disturbance term. Our
estimation and inference follow the Quasi-Maximum Likelihood (QML) estimation approach:
while point estimates are obtained from Poisson regression which is the QML estimator (see

Wooldridge 1997 and references therein), standard errors are obtained from the Huber-White

robust covariance matrix constructed from the regression residuals.™

Estimation of the model specification given in equation (1) is complicated by a number of
factors. First, though Number of Chemicals is always positive, Cumulative P2 and Lagged Total
P2 are occasionally zero (albeit very rarely: Cumulative P2 is zero in 2.63% of the sample, while
Lagged Total P2 is zero in only 8.5% of the sample). To prevent the loss of any observations, we
add 1 to these two variables prior to taking the log, a rather small change in the transformation
given the scale of the variables. For robustness, we have also re-estimated the model using these
two variables in levels rather than in logs, though in this latter specification the model parameters
can no longer be interpreted as elasticities. Second, estimation of the firm-cross-practice fixed

effects e; is not possible using the above statistical framework as the typical firm has not

adopted most of the practices over our 5 year period (and has only adopted some of the

1 Implementation is through STATA 8 using the cluster option in the GLM Poisson command. The robust standard
errors are similar to those obtained under the assumption that the variance of P2 is proportional to its mean, using

16
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remaining practices only once). Therefore, we assume that e; has the additive structure
e; =U; +V;, which prevents the loss of any observations (and the information they contain) and

also eliminates any possible concerns about censoring, albeit by imposing a parametric

assumption.

The parameter vector «; is interpreted structurally. That is, we posit that if a firm were

to adopt TQEM, the effect on the rate of adoption of pollution prevention activities would be

given by the values of the parameters «; . It is possible that the estimated values of «; could

differ from the true structural effect of TQEM due to endogeneity of TQEM;, i.e. if TQEM, is

correlated with the equation disturbance term. Given the presence of firm and year fixed effects,
and the inclusion of Lagged Total P2 as an independent variable, such correlation must be with
the idiosyncratic disturbance terms for the period of TQEM adoption and the periods thereafter,
but not the periods before TQEM adoption. In other words, such endogeneity cannot arise from
some omitted permanent firm characteristic, but can arise from some characteristic that changes
during our sample period and is correlated with the implementation of TQEM. For example,
consider a “green” manager who arrives at the firm and ramps up both the pollution prevention
innovation and adopts TQEM. If the manager stays for the remainder duration of our sample,
then his arrival is a permanent shock that is (positively) correlated with the adoption of TQEM.
Under this example, the estimates of «; will be upwardly biased estimates of the true structural
parameters. One approach to address the possibility of endogeneity due to time varying factors

that are correlated with TQEM adoption and P2 adoption would be to have time varying

instruments. In a cross-section setting one can use variables that explain the incidence of TQEM

the (normalized) Pearson residuals. However, Maximum Likelihood Poisson standard errors are smaller than either
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adoption across different types of firms (such as a predicted probability of TQEM adoption
estimated using first stage models, as in Khanna et al. (2007)), but in a time-series analysis one
needs instruments that are correlated with the systematic component of the timing of TQEM
adoption decision. These instruments need to vary meaningfully and substantially over time and
not simply due to random fluctuations. In the absence of such an instrument (since an instrument
such as a predicted probability of TQEM adoption from a first stage regression would vary only
slightly over time) we cannot directly eliminate the possibility of such endogeneity. However,
we emphasize that its source cannot arise from the correlation of permanent firm characteristics
with the application of TQEM (given the incorporation of firm fixed effects) or the correlation of
economy wide shocks with the application of TQEM (given the incorporation of year fixed
effects) or the presence of slow build-up of firm level factors that simultaneously lead to
increases in pollution prevention innovation and to the application of TQEM (given the
incorporation of Lagged Total P2 in the regression). We thus posit that the likelihood that such
endogeneity would lead to substantial bias is remote, an assumption made by the bulk of the

panel data literature using short panels with fixed effects.

3.2.  Counterfactual Simulation and Policy Analysis

In this section we describe our use of the model to quantify the impact of delaying the
adoption TQEM for each firm who adopted TQEM for the first-time within our sample period.
Let 7 denote the year in which the firm has adopted TQEM for the first time i.e., the year that
TQEM takes the value of 1 for that firm following a zero for that same firm. For these firms the

simulated counterfactual number of pollution prevention practices of type j would be the actual

of the above by a factor of 2, consistent with the presence of substantial over-dispersion in the P2 count.
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value of P2,

in year z multiplied by the percent change due to TQEM de-adoption predicted

by our model. Or simply:
P25, = P28 lexpl— (o + 2 EQUIP; + @y MAT; +@,PROC; + a EFF; + a.CONS; JTQEM;, | (3)

A
ijz

where Pzﬁ, is the projected level and P2: is the actual baseline level for firm i’s type j

pollution prevention activities at year t. We aggregate the predicted P2 count at the firm level to

obtain PZiS,. The percent contribution of TQEM adoption on a firm’s actual count of P2

practices is measured by(PZiA, — P2iS,)/P2iAT. Note that this simulation is looking only at the

first year effects of TQEM adoption because in subsequent years the P2 count is also affected by
dynamic factors such as Cumulative P2 and Lagged Total P2. Given that firms have different
“baseline” rates of employing each of these pollution prevention types, and given that TQEM
turns out to have a differential impact on the adoption rate of different types of pollution

prevention practices, the TQEM treatment effect varies by firm even when measured in
percentage terms. We then aggregate PZﬁT across all 8 categories of P2 activities (as defined by

the EPA and described below) for each firm. We then group firms on the basis of SIC codes to
investigate if the percentage effects of TQEM on pollution prevention counts varies

systematically across industries.

4. DATA DESCRIPTION AND VARIABLE CONSTRUCTION
The sample in this study consists of S&P 500 firms which responded to the Investor
Research Responsibility Center (IRRC) survey on the adoption of corporate environmental

management practices and whose facilities reported to the Toxics Release Inventory (TRI) over
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the period 1992-96. The IRRC surveys firms annually about their environmental management
practices, one of which is the application of total quality management principles to
environmental management. TRI was established under Section 313 of the Emergency Planning
and Community Right to Know Act (EPCRA) in 1986. It requires all manufacturing facilities
operating under SIC codes 20-39, with 10 or more employees, and which produce or use toxic
chemicals above threshold levels to submit a report of their annual releases to the USEPA.
Reporting of all pollution prevention activities adopted in a year to reduce the TRI chemicals
became mandatory in 1991 following the National Pollution Prevention Act of 1990. Each
facility of a firm is required to report their adoption of any of 43 different pollution prevention
activities for each toxic chemical mandated in the TRI in a given year. These activities are
classified by the EPA into eight broad categories: (1) changes in operating practices (2) materials
and inventory control (3) spill and leak prevention (4) raw material modifications (5) process
modifications (6) cleaning and degreasing (7) surface preparation and finishing practices and (8)
product modifications. Table 1 contains the different types of pollution prevention activities
under each broad category.

To match the facility level TRI data with the parent company level IRRC information on

TQEM adoption, we constructed unique parent company identifiers for each facility in the TRI

database.12 Chemicals which have been added or deleted over the period 1991-1996 were
dropped due to changes in the reporting requirements by the USEPA. This ensures that the
change in pollution prevention activities in our sample over time is not due to differences in the
chemicals that were required to be reported. Since all S&P 500 companies that reported to the

TRI did not respond to the survey by the IRRC, observations with missing data were deleted.

12 To match the facilities with their parent companies, the Dun and Bradstreet number is used, in addition, to facility
name, location, and SIC code.
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Our final sample consists of a five year unbalanced panel of 160 parent companies for a total of
34,400 observations. Of these 160 firms, 66 firms had adopted TQEM by the start of our sample
period and 35 firms adopted it during our sample period. The remaining 59 firms had not
adopted TQEM by the end of our sample period. Since the decision to adopt TQEM is not likely
to be made year to year and even if a firm were to de-adopt TQEM, the culture and
organizational practices are likely to persist, we assume that there is no de-adoption of TQEM
during our sample period.™® This allows us to “fill-in” missing values for TQEM for 15% of the
sample and affects an additional 4% of the observations for which transient “de-adoption” of
TQEM was reported.

Our dependent variable is the count of new pollution prevention techniques of each of
these 43 specific activities adopted by a firm during a year. We call this variable P2. It is derived
from information mandatorily reported by each facility to the USEPA on the source reduction

activities newly implemented by it for each chemical in that reporting year.** We aggregated the

3 This has two implications for our data. To avoid dropping the observations for which TQEM adoption data was
not available for some years, we assume that if the firm did not report to the IRRC survey in a particular year, but
reported to the IRRC and adopted TQEM in the immediately preceding and succeeding years, then that the firm also
adopted in that year with missing data and filled in the blank year with “1”. In addition, if the first time a firm
responds to the IRRC survey it states that it has not adopted TQEM we assume that it has never adopted in the past
and we fill in earlier years with missing data to be “0”. For the (fewer) observations that have a zero preceded and
followed by a 1 for TQEM, we convert the zero to a 1 for the reasons stated above.

Y We verified if facilities do indeed report new P2 activities. We look at the USEPA Form R which is used to
collect data for P2.  Section 8.10 of Form R allows for 4 new source reduction activities, and 3 methods used to
identify the activity (internal auditing, external auditing, government assistance, industry assistance). Section 8.10
specifically asks “Did your facility engage in any source reduction activities for this chemical during the reporting
year?” The instructions/guide for filling out Form R specifies that Section 8.10 “must be completed only if a source
reduction activity was newly implemented specifically (in whole or in part) for the reported EPCRA section 313
chemical during the reporting year.” (EPA, 2004) We verified if firms do indeed report only new source reduction
activities by examining the annually reported P2 counts by each facility belonging to S&P 500 firms and reporting
to TRI, for each chemical for the period 1992-1996 and compared it with their reports for the previous period (1991-
1995). We then derived the change in the reported New P2 count for a total of 74,780 instances at the chemical-
facility level. If firms were inadvertently reporting all P2 activities adopted instead of New P2 activities, we would
expect that the annual count of P2 reported would be increasing or stay constant over time for all years. Our
investigation focused at the facility level on the premise that any misinterpretation of the instructions in the TRI
would be at the facility rather than chemical level. In particular, we have calculated the number of facilities for
which the reported P2 counts were non-decreasing for all chemicals. We found that this was the case for only 236
facilities (5.68% of all facilities examined) and represents only 0.67% of the chemical-facility pairs (because these
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number of P2 such practices adopted in a year across chemicals for each facility and then across
all facilities belonging to a parent company to obtain P2 at the firm-level for that year. We
construct Cumulative P2 as the cumulative number of pollution prevention techniques of all
types that have been adopted between 1991 (when firms first began reporting this information to
the TRI) and year t-1. We also constructed the total count of all types (from all eight categories)
of pollution prevention activities undertaken in the previous year and labeled this as Lagged
Total P2. We control for the number of pollution reduction opportunities a firms has by
including the Number of Chemicals emitted. This variable is the count of chemicals reported by
the firm which is obtained by summing up the chemicals reported by each facility over all
facilites of that firm. This controls for the possibility that firms emitting a larger number of
chemicals or having a larger number of facilities may adopt more pollution prevention practices
simply because they have greater scope for the adoption of such practices.

To develop the attributes for the P2s, the authors started with brainstorming and
developed a list of all possible attributes of these practices. In addition to the five attributes
described above, the original expanded list included others such as visibility to stakeholders and
regulators, practices requiring decision making at the upper vs. lower managerial levels,
technological sophistication, and practices that will alter the production process. The
characterization of the P2s according to different attributes was done by each of the authors
separately. Characterizations of P2s by three other experts in the field of business and
environmental strategy were also solicited. We then looked at the correlations among the
attributes and found that some were very closely related to each other (for example, practices that

were visible to consumers were also likely to be visible to other stakeholders) while for some

facilities have a much lower than average number of chemicals). Therefore, even if there was any misinterpretation
of the survey question, it impacted at most a small fraction of the data.
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attributes our confidence in assigning them to practices based on information available in the
TRI was not high. We therefore narrowed the list to the attributes described in Table 1 by
dropping those for which agreement in assigning them to the pollution prevention practices was
relatively low and merging together those with high correlations with each other.”® This final
classification was arrived at through discussion among the authors. Note that the
Unclassified/Customized category is the omitted functional category (the category for which
Equipment, Procedural, and Materials are all zero) (See Table 1)."° Correlation between the
characteristics is low. Positive correlation of 0.42 is observed between Procedural and Efficiency
attributes and of 0.35 between Consumers and Materials attributes.

The summary statistics in Table 1 show that highest adoption rates for both TQEM and
non-adopters of TQEM are for “maintenance scheduling and record-keeping procedures”
(practice 13), “modification of equipment, lay-out or piping” (practice 52), “substitution of raw
materials (practice 42), and practices that fall under miscellaneous or other categories (e.g.,

practice 19 and 58). Generally, the rate of adoption of P2 is higher among TQEM firms than

> Our initial set of attributes include (1) visibility to consumers, (2) visibility to shareholders, (3) visibility to
regulator, (4) technological sophistication, (5) level of management decision involved, (6) frequency of activity, (7)
time and cost savings, (8) production effects, and (9) final product functionality effects. Because the level of
technological sophistication (4) is hard to determine, we instead used procedural changes as an attribute, i.e.,
whether it is involves changes in operations or procedures. These are distinguished from practices that involve
physical changes in materials in equipment. We dropped visibility to shareholders and to regulators, as these are
difficult to ascertain for each P2. We merged consumer visibility (1) and final product functionality effects (9) into
one attribute. We also dropped the level of management decision-making involved in implementing each P2 (5)
since this attributes is very difficult to determine. We also dropped production effects as these are not easily
separable from the consumer visibility attribute

18 We were able to provide a likely attribute to two of these practices based on the set of attributes that the rest of the
pollution prevention activities in that same category possess. If all of pollution prevention activities in a category
had a particular attribute, the “Other” pollution prevention activities were assigned the same attribute. For example,
since all practices, 21, 22,23, 24 and 25, in the category Inventory Control, had the feature that they were efficiency
enhancing, we expect that practice 29 (Other changes made in inventory control) would also have that attribute and
assign it a 1 for Efficiency. Due to lack of definitive information on the functional attributes of practices included in
categories 23,25,29,39,54,58,71,78 and 89 we assign a value of “0” for all their functional attributes and include
them in the Unclassified/Customized category. These include practices that may involve combinations of changes in
equipment, material or procedures as well as practices that cannot be labeled generically because they involve
modifications designed specifically for a firm.
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among firms that are non-adopters of TQEM.’ These practices also differ considerably in their
attributes. In Table 2, we summarize adoption rates of pollution prevention activities according
to whether they possess a particular attribute. As shown there, the most widely undertaken
pollution prevention activities for both adopters and non-adopters are those which are Efficiency

enhancing or require Procedural changes.

5. RESULTS
5.1. Estimation of Count Models

We estimate a number of models that explain the count of each of the 43 different
pollution prevention activities practices undertaken by firms, Our results, discussed in detail
below, show that in all models, the firm-specific dummies and the practice-specific dummies are
always jointly significant, indicating that there are indeed unobservable firm and practice-
specific effects that need to be accounted for.

Table 3 presents our primary results, which consist of models | and 11, and their variants.
Model | examines the effects of only the functional attributes on the effects of TQEM on the
adoption rates while Model Il includes the full set of practice attributes. The base variant
(Variant A) of these models includes no other controls except the Number of Chemicals, year
fixed effects, firm fixed effects, and practice fixed effects, while Variant B includes Lagged
Total P2 and Cumulative P2 as additional control variables in logs. We have also estimated
variants of this and other specifications in which the latter two variables are in levels, with

generally poorer fit. In these variants, variables of interest maintain their signs and significance

7 With the exception of elimination of shelf-life requirements for stable materials (practice 23), improved
procedures for loading and unloading and transfer operations (32), institution of recirculation within a process (51),
change from small to big bulk containers (55), and to a lesser extent, modification of spray systems or equipment
(72), substitution of coating materials (73), change from spray to other techniques (75) and modification of
packaging (83).
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and, therefore, we do not report or further discuss these results for brevity. All of the regressions
show that TQEM adopters have higher adoption rates for pollution prevention practices that
involve Procedural changes or are Unclassified/Other, but not for those that involve Equipment
or Material modifications. This is supported by the positive statistically significant coefficients
of TQEM+TQEM*Procedural (except Model 11-B), the positive and statistically significant
coefficient for TQEM (no interactions), and the statistically insignificant coefficients of
TQEM+TQEM*Equipment and TQEM+TQEM*Materials.™

These results suggest that TQEM enables firms to identify specific areas that require
changes in operational practices and procedures that might not be identified by non-adopters of
TQEM, possibly because the latter do not benefit from the expertise and knowledge-sharing
among various “grass-roots” employees. This explanation is particular apt for explaining the
strong positive effect of TQEM on the adoption of practices in the Unclassified/Other category.
These practices may comprise the less typical types of source reduction methods not classified
by the regulator, and instead, may be composed of activities that firms develop themselves to
address firm-specific operations and environmental goals. This further indicates that the bottom-
up nature of TQEM stimulates the development of customized pollution prevention practices.
However, TQEM may not have a similar positive effect on pollution prevention activities that
require Equipment or Material modifications: the negative coefficients on TQEM*Equipment
and TQEM*Materials offset the positive coefficient of TQEM, making the impact of TQEM on
the adoption of practices with these attributes statistically insignificant. This suggests that
identification and implementation of the equipment and material modifications needed to prevent

pollution do not necessarily require an organizational structure such as TQEM.

'8 Note that our standard errors are not the maximum likelihood Poisson standard errors that tend to be biased
downwards due to over-dispersion in the data. Rather our reference is based on GLM standard errors that allow for
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Model 11 shows that the Consumer visibility and Efficiency enhancing characteristics of
pollution prevention practices by themselves do not have a statistically significant incremental
effect on the count of practices adopted by TQEM adopters as compared to TQEM non-adopters.
The effect of TQEM on a practice with the Consumer or Efficiency attribute is determined by the
functional characteristic of that practice. Given the discussion above, this effect will be positive
and statistically significant for practices that have Customized or Procedural attributes. The
effect is also positive for practices that have either Customized or Procedural attribute and
Efficiency or Consumer attribute. The effect of TQEM is found to be insignificant for all other
combinations of attributes (joint test statistics are not shown).

In addition to the attributes of pollution prevention practices, we find that experience with
pollution prevention activities in the past has two distinct effects on P2 adoption. In particular,
we find that while Lagged Total P2 is associated with higher levels of P2, the count of
Cumulative P2 adopted has a negative effect on incremental adoption rates. The first finding
implies that adoption of more pollution prevention activities in the recent past (previous year) is
associated with higher adoption counts in the current period, likely arising from the presence of
slowly evolving unobserved factors (notice that we do not assign a causal interpretation to this
variable). These could include complementary knowledge and expertise available to a firm,
short-term learning, and management attitudes. The second finding suggests diminishing returns
to the adoption of pollution prevention activities, possibly because of reduced opportunities to
develop and undertake new pollution prevention practices when the number of environmental
innovations already adopted in the past is high. In other words, a firm that has already reaped the
“low hanging fruit” will find it more difficult to identify additional worthwhile pollution

prevention practices.

arbitrary correlations between the disturbance terms for observations within a firm.
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All models also consistently show that the Number of Chemicals, the number of
opportunities to undertake pollution prevention activities increases the count of P2s adopted. We
also find evidence of secular trends in technical change, as evidenced by the positive and
significant signs of the year dummies in Models I-B and II-B after controlling for the past
adoption levels of pollution prevention activities (Lagged Total P2 and Cumulative P2).
However, the negative significant signs of the time dummies in models I-A and II-A indicate
that, in those models, diminishing returns are being captured by the time dummies because the
dynamic effects from past pollution prevention activities, both Lagged Total P2 and Cumulative
P2, are not accounted for.

We investigate the robustness and internal consistency of our findings using a number of
specification variants. We first consider the effect of combining the physical attribute categories
Equipment modifications and Material modifications into a single Physical modifications
category. The results, reported in Table 4 Models 111-A and I11-B, show that firms do not develop
more physical modification P2 techniques following their adoption of TQEM. However,
Procedural changes and practices that have Unclassified/Customized attributes continue to be
key attributes associated with higher adoption of pollution prevention practices by TQEM firms.

We conduct a second robustness of our classification strategy driven by the observation
that most of the pollution prevention activities that are Efficiency enhancing also involve
Procedural changes (see Table 1). In particular, we drop Efficiency from the regressions in order
to see if our conclusions with regard to Procedural modifications remain valid (Models IV-A
and IV-B). We find results that are similar to those described above: TQEM promotes the

adoption of Procedural changes and Unclassified/Customized practices. We continue to find that
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practices that involve either Equipment or Material modifications do not respond significantly to
TQEM adoption.

Our third robustness check is motivated by the possible concern that our findings are
driven by a temporal correlation between TQEM adoption and secular trends in the popularity of
pollution prevention practices with particular attributes. Suppose that procedure-based and
customized modifications were becoming popular over time for reasons unrelated to TQEM
adoption. Then, these trends would result in a spurious positive coefficient of the interaction
terms between TQEM and these two practice attributes, given that the propensity to adopt TQEM
also increases over time. To investigate if indeed there are time-specific factors that may favor
the adoption of some pollution prevention activities over others we added interactions between
each attribute with each year dummy for a total of 20 interaction terms as explanatory variables
in Model 1I-B vyielding Model V. We find that the joint test statistic for all Year
dummy*Attributes interactions is not significant and the magnitude and significance of the
coefficients of TQEM and its interactions with each the attribute are very similar to those in
Model 11-B.

A careful examination of fixed effects identification strategy reveals that the coefficient
of TQEM is identified from the mean change in pollution prevention practices by the 35 firms
whose TQEM status changed during our sample period. Firms for which the TQEM variable
takes the same value for all five years in our sample, do not contribute to the identification of the
baseline TQEM treatment effect, since we employ a fixed effects model. In contrast, the
coefficients of interactions between TQEM and pollution prevention attributes are identified not
only by the change in adoption patters by the 35 new TQEM adopters but also by comparison of

the 66 existing TQEM adopters with the 59 TQEM non-adopters.
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As an indication of the validity of applying the TQEM coefficient to all firms we would
like to show that firms that changed TQEM status during our sample period (“recent adopters™)
do not differ significantly from firms that had adopted TQEM prior to the start of our sample
(“early adopters™) in the pattern of pollution prevention practices they employ (i.e., that the
effect of TQEM on the mix of practices does not vary across the two types of firms). We,
therefore, construct a New TQEM dummy variable to indicate a recent adopter as a firm that
adopted TQEM for the first time within our sample, with New TQEM taking the value of 1 on the
year a firm started adopting TQEM and thereafter, and O before it adopted TQEM. Those who
never adopted or had adopted TQEM before the start of our sample (early adopters) are also
given a value of 0. Note that we include only the interaction of New TQEM with each of the
attributes; inclusion of New TQEM itself would lead to co-linearity with the TQEM variable
given that we have a fixed effects model.

As shown in Table 5, Model VI, we test for the difference in the pattern of pollution
prevention practices adopted by early and recent adopters by examining the significance of the
coefficients of each attribute interacted with New TQEM. We find that there is no systematic
difference in the sign of these interaction terms between recent and early adopters. With the
exception of the negative statistically significant coefficient of New TQEM*Equipment, all other
coefficients of these interaction terms are not statistically significant.”> Moreover, when we
combine Equipment and Material modifications together as Physical modifications (results are
not shown in the Table 5), we find that New TQEM*Physical is no longer statistically significant.
Furthermore, we find that the signs and significance of all coefficients of TQEM, its interactions

with each attribute, and of Lagged Total P2, Cumulative P2, and Number of Chemicals are

9 We do not have data on how early they adopted TQEM prior to 1992. In any case, 1992, is the arbitrary cut-off
year for early versus recent adopters.
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similar to those in Model 11-B. We also find that these results are robust to dropping Efficiency
from these regression variants (results are not shown). We, therefore, conclude that identifying
the TQEM coefficient from the recent adopters and projecting it to all adopters is a reasonable
approach.

Nevertheless, to further investigate this issue, we check for the possibility that the smaller
apparent response of Equipment to New TQEM may be driven by their lower initial propensity
for adoption of equipment related pollution prevention practices. For these New TQEM adopters,
we construct a variable Pre-TQEM which is equal to 1 for the years prior to their TQEM
adoption, and O thereafter (This variable again takes the value of O if the firms are always
adopting TQEM or never adopt TQEM within our sample). This is similar in spirit to a
difference-in-difference type estimator at the firm-cross-practice-characteristic level for the new
adopters (this type of estimation is not possible for all firms, since we do not observe the pre-
adoption pattern for our early adopters). Again note that we include only the interaction of Pre-
TQEM with each of the attributes since including the variable as a regressor would lead to co-
linearity with TQEM given that we have a fixed-effects model. Results of estimating this model
are reported in Model VII in Table 5. We find that the coefficient of Pre-TQEM*Equipment is
also negative and statistically significant, suggesting that the recent adopters of TQEM were
adopting fewer practices with the Equipment attribute even prior to the adoption of TQEM. The
difference between the Pre-TQEM*Equipment coefficient and the New TQEM* Equipment
coefficient is, however, not found to be statistically significant, as shown at the bottom of Table
5. Similarly, we find that the difference between Pre-TQEM*Attribute coefficient and the New
TQEM* Attribute for all other attributes is also not statistically significant. Thus, once the

differences in baseline rates of practices with the Equipment attribute between recent and non-

0 The interactions of New TQEM * Attribute are also jointly significant.
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adopters of TQEM is taken into consideration, the effect of TQEM on adoption count of
equipment related practices is not statistically significantly different across recent and early
adopters. The seemingly smaller impact of TQEM on the adoption of practices with the
Equipment attribute among recent TQEM adopters is really driven by ex-ante differences among
the recent and non-adopters of TQEM and not by TQEM per se. This finding provides additional

support for the validity of the identification strategy.

5.2.  Simulations

We now use the results of Model 11-B to simulate the impact of TQEM adoption on the
count of pollution prevention practices at the industry level for the firms that adopted TQEM
during our sample period.?* In order for our results to represent effects of TQEM on annual
counts, we conduct this simulation by constructing the counterfactual count of practices that a
firm would have adopted had it delayed the adoption of TQEM by one year. The method used to
construct these counts is described in section 3.2 and results of this simulation are reported in
Tables 6.7

The results in Table 6 can be used to investigate the implications of the adoption of
TQEM for pollution prevention by different industries, despite the absence of SIC fixed effects
in the analysis. This is because firms differ in the distribution of pollution prevention practices of
different types they tend to adopt, i.e. in their baseline adoption rates. Thus, even though the
same parameter estimates govern the responsiveness of every practice to the adoption of TQEM

by every firm, the aggregate effect of pollution prevention activities at the firm level would differ

21 Using Model 11-A for the simulation yields similar results.

22 There are a total of 35 firms who shifted their TQEM adoption decision from 0 to 1: 16 in 1993, 7 in 1994, 8 in
1995 and 4 in 1996. Table 6 is an average of P2 counts by one-digit category of all firms regardless of the year of
the switch.
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even in percentage terms. We expect that production processes of firms within an industry are
likely to be similar in the extent to which they are amenable to the adoption of pollution
prevention practices of particular types. As a measure of the effect of TQEM adoption at the
industry level, in the last column of Table 6, we report the unweighted average of the percentage
effects of TQEM adoption on pollution prevention counts of firms in each industry, treating each
firm as an equally informative signal of the industry’s propensity to adopt pollution prevention
practices in response to TQEM. We find that Petroleum Refining and Related Industries (SIC
29) and Chemical and Allied Products (SIC 28) would have experienced the highest mean
percent reduction in the number of activities had they delayed TQEM. In both these industries,
practices with Procedural and Unclassified/Customized attributes are very heavily represented in
the pre-TQEM baseline of pollution prevention practices adopted. Industries that gained less
from TQEM adoption include SICs 34 and 35 that tend to be sectors involved in the
manufacturing of metals, machinery and computer equipment, likely because of the equipment

and materials oriented nature of the pollution prevention practices employed in these industries.

6. FURTHER Di1scussION AND CONCLUDING REMARKS

Organizational structure plays a large role in dictating the number and type of innovative
activities that firms undertake. The impact of a management structure such as TQEM, on
different pollution prevention activities is not uniform because some practices are more
complementary to the philosophy of quality management than others or more easily identified
and designed given the tools embodied in TQEM. Our analysis shows that TQEM is conducive
to the greater adoption of pollution prevention practices that involve procedural and

unclassified/customized modifications. We also find that the adoption of practices that enhance
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efficiency or are visible to consumers is not being driven by TQEM more than practices without
these characteristics. Moreover, we find that TQEM does not appear to promote the adoption of

practices that involve physical changes in equipment and materials.

The variations in the adoption rates of various practices based on their attributes in
response to TQEM is useful for better understanding how TQEM works in practice, and possibly
for inferring the strategic motivations that underlie TQEM adoption and the type of outcomes
that TQEM is designed as an instrument to achieve. We find that TQEM systems seem to be
more amenable to using specifically generated knowledge to search for, identify and implement
improvements in recurrent operations that are tailored to a firm’s processes and/or involve non-
standard modifications. Finally, the fact that TQEM adoption does not yield disproportionately
high increase in pollution prevention activities that have efficiency enhancing or consumer
visibility attributes, suggests that TQEM adoption is not driven primarily by the economic or
strategic outcomes that might be achieved.

Our findings provide insight on the extent to which policymakers can rely upon corporate
environmental management for inducing voluntary pollution prevention and the types of
practices that are likely to be adopted by firms. To the extent that other types of practices, such
as those requiring changes in equipment or materials are considered necessary to improve
environmental quality, policy makers may need to rely on mandatory regulations rather than on
promoting the adoption of TQEM by firms. Moreover, our results show that the benefits in the
form of technological innovation from promoting TQEM differ across industries, suggesting the
usefulness of targeting policy efforts to promote TQEM adoption to firms in particular industries.
In particular, we find that firms in the petroleum refining and chemical products industries would

gain the most in their count of pollution prevention practices from the adoption of TQEM while
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firms in the manufacturing of metals, machinery and computer equipment industries gain less
from TQEM adoption. Finally, our analysis shows that firms do experience diminishing returns
to pollution prevention. While there exists some “low hanging fruit,” further adoption of
pollution prevention practices of any type is likely to be increasingly costly, and thus diminish

over time in the absence of any regulatory stimulus.
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Table 1. Types of P2, their Attributes and Mean and Standard Deviations of P2 Adoption Rates.

control

Categories 23 and
25.

5| 2/5|z|E|8¢Tg
IS c = S|E5<e ~
P2 Activities and Codes Z| 2 E. s\ 8|52 Remarks LQEM Non-TQEM Total
21 £|3 g S | g SE Adopters Adopters Sample
8 w| g o 8 <
This activity
13 Improved involves changes in
maimgname procedures for 2.990 2.165 2.685
® scheduling, record X X basic upkeep a_nd (6.202) (4.293) (5.584)
8 keeping. or for documentation
5 ping. of activities which
o procedures provides firms with
o : f
o time savings.
c
® ;fog;‘;?gned Similar to Category
]
& | schedule to iﬁé;‘;re‘;mwd“ra' 0.970 0.716 0.876
B gqc;ﬂli?rlrf:nt and X X associated with (3.186) (2.493) (2.949)
8 .
O | feedstock planning of
— changeovers operating activities.
19 Other changes Similar to Category
made in operating X X 13 and Category 3.519 2.426 3.115
practices 14. (17.244) (4.381) (6.356)
It is a procedural
change as it
involves
21 Instituted modifications in the 0.633 0.436 0.560
procedures to cataloging of and (2.163) (1.222) (1.872)
ensure that accounting of
materials do not X X stocks ang
stay in inventory materials. As such,
beyond shelf-life it saves inventory
costs and reduces
disposal of expired
materials.
22 Began to test
outdated material Similar to Category 0.175 0.155 0.168
— continue to use X X 21. (1.246) (0.656) (1.066)
if still effective
_ This activity saves
= inventory costs by
S 23 Eliminated improving 0.006 0.024 0.012
o shelf-life management of (0.077) (0.152) (0.111)
- requirements for X X inputs and
[e]
‘g stable materials materials. It may or
> may not be a
e
~ procedural change.
This improves
procedures for the 0.127 0.139 0.131
24 Instituted better classification of (0.834) (0.574) (0.748)
labeling procedures X X s;pplies ar_léj in _
effect provides time
savings.
25 Instituted
clearinghouse to
exchange materials Similar to 0.181 0.047 0.131
that would X X | category 23. (0.791) (0.242) (0.648)
otherwise E)/e
discarded
Characterization of
29 Other changes these activities 0.700 0.341 0.568
made in inventory X X depends on (2.486) (1.364) (2.146)
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Table 1. (continued)

bring about savings.

2] = —_ T —
E ? 3 8 g N g 8 Non-
P2 Activities and Codes Z| 2 E- g § E5 3 Remarks AEQEtM TQEM STotaII
S|E|3|=|2|852 OPIEIS 1 Adopters ample
This activity involves
31 Improved changing the system for
storage or stacking X X organization of materials 0.359 0.236 0.314
procedures and equipment and can (1.400) (0.916) (1.244)
save time and space.
32 Improved Similar to Category 31,
procedures for except it is a procedural
loading, unloading, X X change for transporting 0.552 0.669 0.595
and transfer . - (1.746) (1.715) (1.734)
’ materials and equipment.
operations
c 33 Installed Installation of such fixtures
8 overflow alarms or can save costs of cleanup 0.194 0.128 0.170
S automatic shut-off X|X as it can prevent leaks and (0.904) (0.591) (0.803)
P valves spills.
a This equipment change
< can serve to save of clean
g 35 Installed vapor up costs associated with 0.401 0.091 0.286
g recovery systems X|X residue from vapors and (1.339) (0.438) (1.106)
© can also conserve
=2 material.
2 36 Implemented
inspection or This is a procedural
monitoring program X X change which can save 1.998 0.733 1.530
of potential spill or firms cost of clean-up. (6.562) (2.171) (5.406)
leak sources
Other Category 3 P2s are
presumed to provide
39 Other changes savings like all other 1.450 0.540 1.114
made in spill and X X Category 3 P2s. However, (4.078) (1.600) (3.407)
leak prevention we cannot characterize
them according to other
attributes,
This activity involves a
physical change in
41 Increased purity materials and inputs Raw 0.169 0.115 0.149
® (, | of raw materials X material modifications may (0.695) (0.451) (0.616)
|5 5 or may hot bring about
g S savings.
S '3 | 42 Substituted raw | X Similar to Category 41. 2.268 1.622 2.029
X S | materials
< (4.160) (3.525) (3.947)
49 Other raw .
material X omilar to Category 4L.and | g go1 0.324 0.681
modifications made gory @ (3.439) 0.857) | (2.791)
. This activity involves
g | oLinstuedre installation of new 0.609 0794 | 0677
5 X| X equipment It may provide (1.446) (2.663) | (1.